
_. 07/09/04 lo:04 FAX 301 827 0119 FDA CDRH OSBf DMO @lOO2/004 

GEM 21STM 

A GROWTH-FACTOR ENHANCEDMATRJX 
~ONEVOJDFfLLERWJTHWOJJNDHEALJNGADJUNCT) 

!!!iPONSOR’S PANEL %WXAGE 

DRAFTPANELPACKAGE: 
AVAILABLE FOR PUBLIC RELEASE 

(INDUSTRY&C• NSUMERNON-VOTING 
PANEL REIPRESENTATI~E~) 



BioMimetic Pharmaceuticals, Inc. 

GEM 21STM 
A Growth-Factor Enhanced Matrix 

(Bone void filler with wound healing adjunct) 

Original Premarket Approval (PMA) Application 
PMA Application No. PO4OOI3 

SPONSOR% PANEL PACKAGE 

DRAFTPANELPACKAGE: 
AVAILABLEFORPUBLICRELEASE(NON-VOTING~ONSUMERAND 

INDu~TRYPANELREPRESENTATIVES) 

BioMimetic Pharmaceuticals, Inc. 
330 Mallory Station No. Al 
Franklin, TN 37067 
(615) 844-1280 

330 Mallory Station, Suite A-l, Franklin, TN 37067 Phone 615-844-1280 Fax 615-844-1281 www.biomimetics.com 

& 0” y-- Llcr, .!cf&?- b 9 



BioMimetic 
PHL%RMACEUTICI”VS 

BioMimetic Pharmaceuticals, Inc. 

GEM 21STM 
A Growth-Factor Enhanced Matrix 

(Bone void filler with wound healing adjunct) 

Original Premarket Approval (PMA) Application 
PMA Application No. PO40013 

SPONSOR'SPANELPACKAGE 

DRAFTPANELPACKAGE: 
AVAILABLEFORPUBLICRELEASE(NON-VOTINGCONSUMERAND 

INDUSTRYPANELREPRESENTATIVES) 

BioMimetic Pharmaceuticals, Inc. 
330 Mallory Station No. Al 
Franklin, TN 37067 
(615) 844-1280 

330 Mallory Station, Suite A-l, FranMin, TN 37067 Ph one 615-844-1280 Fax 615-844-1281 www.biomimetics.com 



TABLEOFCONTENTS 

SECTION I : INTRODUCTION 
This section contains introductory information including a summary of the 
device fundamental technology, principles of operation and indications for use. 
SECTION 2 & 3: SUMMARY OF SAFETY AND EFFECTIVENESS (PRECLINTCAL & 
CLINICAL) 
This section contains a Summary of Safety and Effectiveness. The preclinical 
portion is in Section 2 and the clinical summary is in Section 3. 
SECTION 4: PRTNCIPLES OF OPERATION OF THE DEVICE 
This section contains a outline of the principles of operation for the device. 
SECTION 5 : STERILIZATION OF THE DEVICE 
A summary of the GEM 2 1 STM sterilization information is included in this 
section. 
SECTION 6: NONCLINICAL LABORATORY STUDIES 
A detailed review of the nonclinical studies is included in this section. 
SECTION 7: BIBLIOGRAPHY 
This section contains a comprehensive bibliography as well as an annotated 
bibliography. 
SECTION 8: SELECTED REFERENCES 
This section contains copies of relevant references. 
SECTION 9: CLINICAL STUDY REPORT 
This section contains a copy of the Final Clinical Study Report 
SECTION 10: DRAFT PACKAGE INSERT 
This section contains a copy of the draft package insert and device labeling. 

330 MaIlory Station, Suite A-l, Franklin, TN 37067 Phone 615-844-1280 Fax 615-844-1281 www.biomimetics.com 



1.0 INTRODUCTION 

The GEM 2 I STM device is provided to the user in a kit form that is composed of 

the following three individually marketed components, two of which are purchased as bulk 

product that are processed to BioMimetic specifications: 

1) VitossTM synthetic beta &i-calcium phosphate (“p-TCP”) 

granulate particles, that is a sterile, porous bone void filler 

for the repair of bony defects supplied by Orthovita, Inc.; 

2) BecapIerrnin, a sterile solution of highly purified 

recombinant human platelet-derived growth factor 

(“rhPDGF-BB”), supplied by Chiron Corporation; and 

3) A blunt-end cannula that is provided in the kit as an 

accessory to aid in the delivery of the rhPDGF-BB 

solution and is purchased as a finished component. 

These GEM 21 Sm components are marketed pursuant to a cleared premarket 

notification (“5 I O(k) notice”), an approved biologics license application (“BLA”), and a 5 1 O(k) 

exemption, respectiveIy. Information regarding the approval/clearance of becaplerrnin and 

Vitoss is provided in the following table: 



Letters of authorization from Orthovita and Chiron permitting the Agency access 

to these FDA files in support of this PMA have been included in the PMA. The blunt end needle 

included in the kit is supphed to BioMimetic by Kendall, a Division of Tyco Healthcare Group 

Growth Enhanced Matrix (“GEM 2 1 STM”). 

1.1 Intended use/Indication for Use 

GEM 21 STM is intended for use as a bone replacement and regeneration system. 

This device is indicated to treat osseous defects resulting from: 

l periodontal disease; 

l cystectomy; 

l apicoectomy; 

l deficient alveolar ridges; and 

0 tooth extraction. 

1.2 Technological Characteristics 

GEM 21 STM is a synthetic bone matrix that incorporates an adjunctive wound- 

healing agent. The device consists of two FDA cleared or approved products: (I) Beta- 

Tricalcium Phosphate f”&TCP”), which Orthovita, Inc. (“Grthovita”) markets as VitossrM 

Scaffold Synthetic Cancellous Bone Void Filler (“Vitoss”) (K994337); and (2) a highly purified 



recombinant human platelet-derived growth factor (“rhPDGF-BB”) calIed Becaplermin for 

which Chiron Corporation (“Chiron”) obtained approval under BLA#96-I 422 and which Chiron 

supphes to Johnson & Johnson to market in a gel form under the trade name RegranexB 

pursuant to BLA#96-I 408. 

1.3 Principles of Operation 

The sterile D-TCP component of the device physically fills the bone defects and 

provides a biocompatible, osteoconductive, and three-dimensional scaffold to facilitate new bone 

formation. The rhPDGF-BB component (0.3 mg of Becaplermin per milliliter in a sodium 

acetate buffer) enhances the physical and mechanical actions of the S-TCP component by 

promoting bone and periodontal ligament cell proliferation (mitogenesis), cell migration 

(chemotaxis) into the wound and matrix, and promoting revascularization (angiogenesis) of the 

surgical site. GEM 2 1 STM is resorbed and replaced by autologous bone during the healing 

process. 

1.3.1 Mode of Use 

In order to implant the GEM 2 1 Sm device, the clinician exposes the bony defect 

with a periosteal flap and removes’ the granulation tissue. Next, the clinician conditions the tooth 

root surfaces using a tetracycline paste or another root conditioning agent, e.g., citric acid, if the 

patient is allergic to tetracycline. The clinician fully saturates the p-TCP particles with the 

rhPDGF solution to rehydrate it. The clinician estimates how much product is needed depending 

upon the size of the void to be filled. The clinician then carefully packs the GEM 2 1 STM product 

into the bone void so that it is in direct contact with veil-vascularized bone without overfilling 

the defect. Finally, the clinician sutures the periosteal flaps to achieve primary closure. The 



recombinant human platelet-derived growth factor (“rhPDCFBB”) called Becaplermin for 

which Chiron Corporation (“Chiron”) obtained approval under BLA#96-1422 and which Chiron 

supplies to Johnson & Johnson to market in a gel form under the trade name Regranex@ 

pursuant to BLA#96- 1408. 

1.3 Principles of Operation 

The sterile &TCP component of the device physically fills the bone defects and 

provides a biocompatible, osteoconductive, and three-dimensional scaffold to facilitate new bone 

formation. The rhPDGF-BB component (0.3 mg of Becaplermin per millihter in a sodium 

acetate buffer) enhances the physical and mechanical actions ofthe I3-TCP component by 

promoting bone and periodontal Iigament cell proliferation (mitogenesis), cell migration 

(chemotaxis) into the wound and matrix, and promoting revascularization (angiogenesis) of the 

surgical site. GEM 21STM . is resorbed and replaced by autologous bone during the healing 

process. 

f.3 Mode of Use 

In order to implant the GEM 21 STM device, the clinician exposes the bony defect 

with a periosteal flap and removes the gianulation tissue. Next, the clinician conditions the tooth 

root surfaces using a tetracycline paste or another root conditioning agent, e.g., citric acid, if the 

patient is allergic to tetracycline. The clinician fully saturates the P-TCP particles with the 

rhPDGF solution to rehydrate it. The clinician estimates how much product is needed depending 

upon the size of the void to be filled. The clinician then carefully packs the GEM 21 STM product 

into the bone void so that it is in direct contact with well-vascularized bone without overfilling 

the defect. Finally, the clinician sutures the periosteal flaps to achieve primary &sure. The 



GEM 21 Sm is a single use product so any remaining P-TCP or rhPDGF that is not used to treat 

an individual patient is to be discarded after the procedure. 

1.4 Functional Characteristics 

GEM 2 I STM physically fills the bone defects in order to provide a biocompatible, 

osteoconductive, and three-dimensional scaffold to facilitate new bone formation. It also 

stabilizes the blood clot and prevents the collapse of scar tissue into the bone void, thus leading 

to bone formation and regeneration. The rhPDGF-BB component enhances the physical and 

mechanical actions of the B-TCP component by promoting angiogenesis, cell&u- in-growth into 

the periodontal osseous defect and scaffold, and revascularization of the wound site. 

GEM 21 STM is resorbed and replaced by autologous bone during the heaIing process. 

1.5 Description of Device Functional Components 

BioMimetic Pharmaceuticals, Inc. obtains p-TCP and rhPDGF, which are the 

fUnctiona components of GEM 2 1 STM, in bulk from Orthovita and Chiron, respectively. 

BioMimetic is incorporating the descriptions of P-TCP and rh.PDGF from their premarket 

submissions as authorized by their manufacturers. 

1.5.1 IJ-TCP 

The B-TCP component of GEM 2 1 S TM is the same material as Orthovita’s 

51 O(k) cleared Vitoss (K994337), which is indicated for filling “bony voids or gaps of the 

skeIetal system (i.e., the extremities, spine, and pelvis)“. Vitoss’s labeling is included as 

reference. Vitoss is a synthetic and resorbable porous calcium phosphate bone void filler for the 

repair of bony defects. It has a similar chemistry to human cancellous bone.’ It also has a 

molecular structure that resembles the’tiultibirectional interconnected porosity of human 



cancellous bone. Vitoss conforms to ASTM Standard F 3 088-87 (R1992) “Standard 

Specification for Beta-Trica1ciu.m Phosphate for Surgical Implantation”. The p-TCP component 

of GEM 21 Sm is chemically and physically identical to Vitoss, which is also sterilized by 

gamma radiation, except that it consists of only the smaller size Vitoss particle. 

Moreover, the P-TCP component of GEM 2 1 STM has the same intended use as the 

cleared Vitoss: physically filling bone defects that are from traumatic injury to the bone or are 

surgically created. ALthough GEM 21 STM ‘s proposed indication is for periodontal use while 

Vitoss is cleared for orthopedic use, the same P-TCP product serves the same function of 

providing a scaffold for bone generation in both GEM 2 1 S TM and Vitoss. Thus, the effectiveness 

of GEM 2 1 STM as a bone void filler has already been established. 

The safety of P-TCP in periodontal applications is well established. The FDA’s 

Dental Products Advisory Panel voted unanimously to reclassify periodontal devices composed 

of TCP as Class II on May 22,2003. As FDA pointed out at that Advisory Panel meeting, there 

have been no known published reports of adverse responses to TCP products in humans during 

more than 25 years of clinical use, including more than 20 years of use as a periodontal bone 

defect filler. A review of FDA’s Manufacturer and User Facility Device Experience Database 

(MAUDE), conducted on March 8,2004, revealed that there have been no reported adverse 

events regarding Vitoss, which shows the safety of the p-TCP component of GEM 21 STM. 

1.5.2 rhPDGF-BB 

The rhPDGF component of GEM 21 Sm is Becaplermin, for which Chiron 

obtained approval (BLA #96-l 422) (hereinafter the terms “rhPDGF-BB” and “Becaplermin”, 

which is its chemical name, will be used interchangeably). Johnson & Johnson markets Chiron’s 



Becaplermin in gel form (0.01%) under the trade name Regranex for the treatment of slowly 

healing diabetic, neuropathic cutaneous wounds in the lower extremities, which are refractory to 

standard medical treatment. Labeling for Regranex is included as reference. 

A number of different isoforms of PDGF occur naturally in the body, including 

PDGF-BB, PDGF-AB, PDGF-AA, PDGF-C and PDGF-D. PDGF, which is an endogenous 

peptide, is produced in low or undetectable levels in normal cells, but its production can be 

increased by factors released at the site of injury (e.g. TGF-6, TNF-a, thrombin). Chiron 

produces Becaplermin by recombinant DNA technology by inserting the gene for the B chain of 

platelet-derived growth factor (PDGF) into the yeast, Saccharomyces cerevisiae. Becaplermin 

has a molecular weight of approximately 25 kilodaltons (“kDa”) and is a homodimer composed 

of two identical polypeptide chains, each compound of 109 amino acids, that are bound together 

by disulfide bonds. 

BioMimetic will obtain the BecapIermin concentrate in bulk directly from Chiron 

and will dilute the Becaplermin in 20mM of sodium acetate buffer (pH of 6.0), which is the same 

buffer in which Chiron supplies the Becaple-in, under aseptic conditions so that there are 0.3 

milligrams of Becaplennin per milliliter of sodium acetate buffer (hereinafter W.3 mg/ml”). The 

becaplermin is aseptically filled using standard Be&on Dickinson Hypak Syringes with 0.5 ml of 

the rhPDGF-bb. 

Becaplermin (rhPDGF-BB) has the same intended use in GEM 21 STM and 

Regranex, i.e., stimulating healing by regenerating tissue. Although GEM 21Sm is indicated as 

a system for regeneration of periodontal defects while Regranex is approved for the 

healing/regeneration of diabetic foot ulcers, the Becaplermin in both products promotes celluIar 



in-growth. FDA’s approval of Regranex demonstrates Becaplermin’s safety and effectiveness as 

a wound healing agent. 

In addition, the amount of Becaplermin in GEM 21 STM is significantly less than 

the total amount of Becaplermin that a patient would receive during Regranex treatment. Each 

gram of Regranex Gel contains 100 pg of Becaplennin. The amount of Becaplermin in the 0.5 

ml rhPDGF sohrtion in the GEM 21STM kit is 0.15 mg but the amount of the combined P-TCP 

and rhPDGF product used depends on the size of the individual patient’s periodontal defect and 

thus, not all of the product will be used in each patient. Moreover, Regranex is approved for 

chronic use involving multipIe applications, i.e., at least 140 daily applications during a 20 week 

period, whereas the GEM 21 STM is intended for a single application. Thus, the concentration of 

Becaplermin in GEM 21 Sm is only a small fraction of the total amount of Becaplermin 

delivered during Regranex treatment. 

Furthermore, more than IO0 published studies during the last 15 years have 

demonstrated the safety and effectiveness of rhPDGF in promoting tissue regeneration. As also 

explained in detail in the clinical study report, BioMimetic conducted a clinical trial of 

GEM 21 Sm that not only confirmed the safety and effectiveness of Becaplermin as a wound 

healing agent when used adjunctively to P-TCP in periodontal bone defects, but also showed that 

P-TCP plus rhPDGF-BB is more effective and at least as safe as P-TCP alone in regenerating 

periodontal bone. 



A Summary of the Safety and Effectiveness Data 

2. General Information 

2.1 Device Generic and Trade Name 
A Growth-factor Enhanced Matrix 
(Bone void filler with wound healing adjunct) 

GEM 21STM 

2.2 Applicant’s Name and Address 

BioMimetic Pharmaceuticals, Inc. 
330 Mallory Station No. Al 
Franklin, TN 37067 
Telephone: (615) 844-1280 
Fax: (615) 844-128 

2.3 Indications for Use 

GEM 2 1 STM is intended for use as a bone replacement and regeneration system. 
This device is indicated to treat osseous defects resulting fi-om: 

l periodontal disease; 

* cystectomy; 

* apicoectomy; 

l deficient alveolar ridges; and 

l tooth extraction. 

2.4 Contraindications 

Standard bone graft contraindications apply. GEM 21STM is not intended to 
provide structural support during the healing process and is contraindicated in cases where 
structural support of the defect is not possible. 

GEM 2 1 STM is contraindicated in the presence of one or more of the following 
clinical situations: 

(1) untreated acute infections at the surgical site; 



(2) untreated malignant neoplasm(s) at the surgical site; 

(3) patients with know hypersensitivity to either 8-TCP or rhPDGF-BB; 

(4) metabolic or systemic bone disorders that affect bone or wound healing; 

(5) intraoperative soft tissue coverage is not planned or possible; and 

(6) conditions in which general bone grafting is not possible. 

2.5 Warnings and Precautions 

The labeling for GEM 21 STM contains warnings and precautions. 

2.5.1 Warnings 

l The following adverse events may occur due to a bone surgical 
procedure and/or the administration of local anesthesia: swelling, 
pain, bleeding, hematoma, dizziness, fainting, difficulty breathing, 
eating, or speaking, sinusitis, headaches, increased tooth mobility, 
superficial or deep wound infection; ceflulites, wound dehiscence, 
neuralgia and loss of sensation locally and peripherally and 
anaphylaxis. Patients being treated with GEM 2 f STM may experience 
some of these adverse events. Occurrence of one or more of these 
conditions may require an additional surgical procedure and may also 
require removal of the bone void filler. 

* Complete postoperative wound closure is essential. GEM 2 1 STM must 
not be used to repair bone defects where soft tissue coverage cannot be 
achieved. 

2.5.2 Precautions 

l GEM 2 1 SW is intended for use by clinicians familiar with surgical 
grafting techniques. GEM 2 1 S m’s radiopacity is comparable to that 
of bone and diminishes as it is resorbed. This moderate radiopacity 
may mask underlying pathological conditions and must be considered 
when evaluating X-rays. 

. It is not known if GEM 21 STM interacts with other medications. 

l The use of GEM 21 STM with other drugs has not been studied. 

l Carcinogenesis and reproductive toxicity studies have not been 
conducted. 

* The use of GEM 2 1 STM.in pregnant women has not been studied; it is . 
not known whether rhPDGF-BB is excreted in nursing women. 



0 Safety and effectiveness of GEM 21 Sm in pediatric patients below the 
age of 16 years have not been established. 

l GEM 21 STM is a prescription device. No specialized training is 
required .specific to the use of the GEM 21 STM device beyond that 
required to perform bone grafting procedures in general. 

* Careful consideration should be given to alternative therapies prior to 
performing bone grafting in patients: (I) Who have severe endocrine- 
induced bone diseases (e.g. hyperparathyroidism); or (2) Who are 
receiving immunosuppressive therapy. 

l The (GEM 21STM bone grafting material is intended to be packed 
into periodontal osseous defects. It must not be injected 
systemically. GEM2 1 S TM’s radiopacity is comparable to that of bone 
and diminishes as it is resorbed. This moderate radiopacity may mask 
underlying pathological conditions and must be considered when 
evaluating x-rays. 

2.6 Device Description 

GEM 2 I STM is described briefly in this Section. 

2.6.1 Device Components 

GEM 21 STM is a combination of the following two individually marketed 
components: 

VitOss, an osteoconductive, biocompatible and resorbable synthetic beta 
n-i-calcium phosphate (P-TCP), that is a sterile, porous bone void filler for 
the repair of bony defects. The P-TCP particle size of the 5 1 O(k)-cleared 
VitOss device ranges from 250 to 2000 pm. The p-TCP used in the 
GEM 21 STM has been sieved to a particle size range of 250 to 1000 pm to 
accommodate smaller bone voids such as those encountered in periodontal 
surgeries; and 

(2) Becaplermin (rhPDGF-BB), a highly purified recombinant human platelet- 
derived growth factor. 

GEM 21 STM is supplied in “kit” form with individual sterile components for 
single use and contains: 

(0 a perio-cup of 0.5 cc of sterile P-TCP; 

(2) a Hypak syringe containing a 0.5 ml of dilute (0.3 mg/ml) 
rhPDGF-BB sterile solution (Becaplermin) (in 20 mM NaAc 
Buffer) in identical volumetric proportion with j3-TCP; and 

(3) an accessory blunt needle (or blunt end cannula). 



The kit is currently available in a single volume and a single concentration. 

2.6-2 Device Operation 

Following debridement and root planning, the clinician fully saturates the P-TCP 
(VitOss) particles with the Becaplermin solution. The root surface is conditioned with 
tetracycline, the hydrated graft is packed into the osseous defect, and standard surgical 
techniques are used to complete the procedure. Surrounding tissue ff aps are then secured with 
interdental sutures to achieve complete coverage of the surgical site. Standard medical practices 
are followed for postoperative patient management. 

2.6.3 Principles of Operation 

GEM 21 STM is a periodontal implant used to physically fill intra-osseous bone 
defects and acts as a bone regeneration system to facilitate new b&e formation into the space 
occupied by the resorbing implant. The bioresorbable P-TCP component of GEM 21 STM serves 
as a scaffold to guide the three-dimensional regeneration of bone in a clinical defect site into 
which it is implanted. The rhPDGF-BB (Becaplermin) component of the GEM 2 1 ST”, which is 
added to the P-TCP scaffold, is a wound healing agent that promotes cellular in-growth into the 
intra-osseous defect and scaffold and revascularization of the wound site. 

2.7 Marketing History 

GEM 21 STM has not yet been marketed. However, a prospective, randomized, 
blinded clinical investigation (“RCT”) performed in the US on the GEM 21 STM resulted in a no 
serious and/or unanticipated adverse events attributable to GEM 21 S*. Furthermore, the two 
components comprising GEM 2 1 S TM, VitOss (P-T&P), and Regranex (“Becaplermin”), are each 
separately marketed. ConsequentIy, the product marketing history presented below concerns 
these two individual components of GEM 21 ST”. 

VitOss, for use as a bone void filler in orthopedic and periodontal applications, 
received marketing approvals in Australia (March 2001) and the European Union (October 
2000). VitOss received marketing approval in United States (December 2000 and August 2003) 
for orthopedic applications, only. Regranex gel (Becaplermin), for use in the treatment of 
diabetic ulcers, received marketing approvals in the European Union (March 1999), Australia 
(August 1999), Canada (December 1998), and the United States (December 1997). VitOss and 
Regranex have not been withdrawn from these markets for any reasons. Furthermore, a review 
of FDA’s Manufacturer and User Facility Device Experience Database (MAUDE), conducted on 
February 5,2004, showed no records of adverse device experience with VitOss, confirming the 
continued safe use of this bone void filler. 

2.8 Potential Adverse Effects of Device on Health 

The potential adverse events arising from the use of GEM 21 Sm for periodontal 
applications, as well as each of the device’s components, are discussed below. 

GEM 21 STM 8-TCP Component 



p-TCP has been successfully used in orthopedic applications without adverse 
eflects, For orthopedic applications, the following complications have been reported to result 
from bone grafting surgical procedures where anesthesia was used and are considered to be 
unlikely complications for p-TCP when used in periodontal applications but that can not be ruled 
out: superficial and deep wound infection with osteomyelitis, loss of reduction, cyst recurrence, 
hematoma, and cellulitis. During the May 22,2003, FDA Dental Advisory Panel, FDA 
identified several potential risks associated with the use of P-TCP in dental procedures, dental 
surgical and treatment procedures including: infection of soft tissue and/or bone, adverse tissue 
reaction, incomplete or lack of bone formation, failure to osseointegrate, device migration or 
extrusion and weakness of newly formed bone. At,that same panel meeting, FDA identified 
several special controls that lessen these risks including clear labeling indications and 
instructions for use, compliance with redognized standards to ensure sterility and 
biocompatibility of these devices, and animal or human testing to assess performance 
characteristics. The Dental Advisory Panel voted unanimously to reclassify P-TCP as Class II 
based upon the identified device risks that could be mitigated through special controls 
recommended by FDA. 

GEM 2 1 STM Becaulermin Component 

A review of the clinical safety of Becaplermin gel, which is prescribed at a higher 
dosage than that contained in GEM 21 S TM, has been published. (I). The report was based on six 
well-controlled human clinical studies that included patients with lower extremity diabetic 
neuropathic ulcers. Patients receiving Becaplermin gel (n=538), placebo (n=278) or good ulcer 
care alone (n=190) had a similar incidence of ulcer-related adverse events such as infection, 
cellulitis, or osteomyelitis. The most common adverse event reported in these dermatological 
trials was erythematous rashes, which occurred in 2% of patients treated with Becaplermin geI 
and placebo, and none in patients receiving good ulcer care alone. No such reaction was 
reported in the GEM 2 1 STM clinical trial 

,The incidence of cardiovascular, respiratory and musculoskeletal and central and 
peripheral nervous system disorders were similar across all treatment groups. Mortality rates 
were also similar across all treatment groups. Patients with Becaplermin gel did not develop 
neutralizing antibodies against Becaplermin. 

GEM 21 STM Periodontal Use 

The primary risks associated with the use of GEM 2 1 Sm in periodontal bone 
regeneration are associated with periodontal surgical procedures itself and include infection, 
swelling, pain, bleeding, and increased tooth mobility. 

2.9 Summary of Nonclinical Studies 

The nonclinical studies are summarized below: 

2.9.1 Safety/BiocompatibiMy of GEM 21STM 

Published data regarding the safety of GEM 2 1 STM’s components and 
biocompatibility testing of the device are summarized below. 



2.9.1.1 Published Studies of the Safety of the GEM 21STM 
Components (P-TCP and PDGF) 

Section. 
Published studies regarding the safety of B-TCP and PDGF are summarized in this 

@TCP 

p-TCP is a purified, multicrystalline, porous form of calcium phosphate. The 
Ca:POd ratio of P-TCP is IS and is similar to that found in bone mineral (l-7). A number of 
animal and human studies have shown that P-TCP is compatible with host tissue and elicits no 
adverse reactions (2;16). Ingrowth of bone into the p-TCP bone substitute has been observed in 
numerous animal models for the treatment of various types of defects in numerous locations of 
the skeleton, as well as for human periodontal defects (17-26). In over 25 years of use as a bone 
void filler, there are no known reports in the literature of unfavorable responses to P-TCP. 
Additionally, there are no known interactions with drugs. The P-TCP used in GEM 21 S has 
undergone biocompatibiiity testing in-conformance with the IS0 10993 standard and has been 
determined to be biocompatible. 

PDGF 

Several published in vitro and in vivo studies containing data demonstrating that 
PDGF, when applied at the low, safe levels provided for in the GEM 21STM device, has a 
beneficial effect when used in a single application. Specifically, these published studies 
demonstrate that: 

(1) PDGF is naturally present in the bone matrix and is 
produced locally at fracture sites (27-30) and is a 
necessary component in the promotion of normal 
fi-acture repair (3 1); 

(2) PDGF provides for enhanced repair of craniofacial 
bone defects using only 2-3 ng of PDGF per day in 
chitosan-TCP sponges, supported improved bone 
regeneration (32); 

(3) PIatelet Rich Plasma, which contains small amounts 
of PDGF, when combined with allograft, increases 
the rate of bone formation in clinical use (33); 

(4) Clinical use of low amounts of PDGF (5OcLglml) was 
found to regenerate bone and to be safe when applied 
in a single application to periodontal bone defects. 
The study used a combination of growth factors to 
include IGF (34); 



(5) PDGF enhanced bone regeneration even when used in 
conjunction with the current therapeutic ‘Gold 
Standard’ of Demineralized Bone Matrix (DBM) 
(35); 

(6) The pleotrophic effects of PDGF on both the bone 
and periodontal ligament (PDL) make it well suited 
for enhancing regeneration of all the components of 
the periodontium ie., the supporting tissues around 
teeth. Several investigators have demonstrated the 
potent effects of PDGF on the proliferative activity of 
periodontal ligament fibroblasts in vitro (36-39); 

(7) PDGF stimulates gingival fibroblast hyaluronate 
synthesis, a prerequisite for the formation of large 
aggregates of proteoglycans that provide the lattice 
for the extracellular matrix (40). The growth factor 
has also been shown to promote periodontal ligament 
fibroblast proliferation beneath expanded 
polytetrafluorethylene (ePTFE) in protected 
fenestration defects in dogs (41-43); 

(8) Clinical studies to assess the clinical significance of 
PRP, in reconstruction of large mandibular 
discontinuity defects in patients treated with autograft 
plus PRP gel demonstrated increases in both the rate 
of bone formation and bone density as evaluated 
clinically, radiographically and histologically 
compared to patients who received the autograft 
without PRP (44). These investigators confirmed 
increased platelet counts in PRP, increased PDGF and 
TGF-P concentrations in the PRP gel, and the 
presence of PDGF and TGF-P receptors on the 
surface of cells within iliac crest autografts; and 

(9) A clinical study of the safety and preliminary 
effectiveness of rhPDGF-BB (1 .O mg/ml) in bone 
allograft in treating patients possessing intra-osseous 
and/or fur-cation periodontal lesions demonstrated a 
favorable outcome clinically, radiographically, and 
histologically following application of the rhPDGF- 
BB product. The PDGF/allograft treatment was 
found to result in periodontal regeneration, including 
restoration of bone, cementurn, and periodontal 
ligament. No adverse effects of the treatment were 
reported (4.5). 



In summary, there is an extensive body of scientific publications that support: 
(1) the role and effectiveness of PDGF in stimulating bone cell proliferation and recruitment 
(chemotaxis) to include bone and regeneration; and (2) the acceptable safety profile of the single 
application PDGF contained in the GEM 2 1 SRy’ as demonstrated by published clinical data on 
the safe use of PDGF at IeveIs far exceeding the low levels of PDGF contained in GEM 21 STM. 

2.9.2 BiocompatibiIity Testing of GEM 21STM 

Tripartite biocompatibility testing in accordance with the standard EN IS0 10993- 
1 : 1997 “Biologica evaluation of medical devices - Part 1: evaluation and testing” was conducted 
on the GEM 21 STM. All studies were performed in accordance with Good Laboratory Standards 
(GLPs). The following tests were performed. 

l In vitro Genotoxicity: Bacterial Reverse Mutation (Ames) test with 
Salmonella and E. coli strains using saline and DMSO extracts. No evidence 
of mutagenicity to Salmonella and E. coli strains were observed. 

l Sensitization in 15 Guinea Pigs using saline and cottonseed oil (CSO) 
extracts. Saline and cottonseed oil extracts from the device were individually 
injected intradermally into guinea pigs and occlusively patched. Following a 
recovery period, a challenge patch was placed. The sites were evaluated at 24 
to 96 hours. No evidence of delayed dermal contact sensitization was 
observed for either extract. 

l In vitro Cytotoxicity, MEM elution. An extract of P-TCP and Becaplermin 
(PDGF) was made using minimal essential medium, and flowed over a 
confluent monolayer of mouse fibroblasts. The confluency of the monolayer, 
percent lysis, and cellular characteristics were analyzed to determine potential 
cytotoxicity. The 1X MEM test extract showed mild or no evidence of 
causing mild cell lysis or toxicity. All samples exposed to the I X MEM test 
extracts had a biological response of less than or equal to grade 2 (mild 
reactivity). 

l Intracutaneous reactivity in rabbits that were intracutaneously injected with 
saline and cottonseed oil extracts from the device. As compared to blank 
vehicles as the control, there was no evidence of significant irritation or 
toxicity from the extracts. There was evidence of slight irritation from the 
0.9% sodium chloride USP solution injected intracutaneously into rabbits. 
The Primary h-r-nation lndex Characterization for the cottonseed extract was 
negligible and slight for saline. 

* Acute systemic toxicity in mice that were injected intravenously or 
intraperitoneally with saline and cottonseed oil extracts from the device. 
Under the conditions of this study, there was no mortality or evidence of 
systemic toxicity from the extracts. 

* Muscle Implantation Study in the Rabbit. The test article was prepared and 
then was surgically implanted in muscle tissue of the rabbit. The muscle 
tissue was evaluated for evidence of irritation or toxicity. At 4 weeks, the 

. 



macroscopic reaction was not significant as compared to the comparative 
control material and not significant as compared to the USP negative control 
implant material. Microscopically, the test article was classified as a non- 
irritant as compared to the comparative control material and a slight irritant as 
compared to the USP negative control article. Additionally, the comparative 
control was considered a slight irritant as compared to the USP negative 
control article. 

The biocompatibility studies described above demonstrate the biocompatibility of GEM 21 Sm. 
There was no evidence of mutagenicity, delayed dermal contact sensitization, systemic toxicity 
and only slight to mild reactivity and irritation. An independent, board-certified toxicologist 
assessed the results of the GEM 2 1 STM tests and concIuded that the device is safe for its intended 
use. 

Furthermore, P-TCP has been used clinically for over 25 years with no published 
unfavorable adverse responses. I/ Becaplermin gel (PDGF) (RegranexB, has been FDA 
approved for nearly four years for at least 140 daily applications (20 weeks) to surgically excised 
wounds that extend into the subcutaneous tissue or beyond in the lower extremities of diabetics. 
Both components have a history of safe clinical use. 

As noted previously, PDGF is a natural endogenous protein that lacks genotoxic 
potential. Additionally, it has a very low degree of absorption and a short half-life in plasma 
(46). When administered topically onto surgically excised wounds or subgingivally in 
periodontal defects, Becaplermin (PDGF) is quickly cleared [half-life of about four (4) hours] 
and has an insignificant effect on endogenous plasma PDGF concentrations (46,47). For these 
reasons, Becaplermin is not considered to be a potential reproductive toxin or a systemic 
carcinogen. In the January 3 I,2002 IDE supplement, the Company explained why 
carcinogenicity testing is not required for the GEM 21 STM. On April 24,2002, FDA approved 
the IDE without requiring carcinogenicity testing. 

In summary, the extensive published data on the safety of VitOss and 
Becaplermin, FDA’s clearance or approval of each of the individual components of GEM 21 STM 
(VitOss and Becaplermin) based, in part on the biocompatibility of these products, and the IS0 
IO993 testing conducted by BioMimetic on the combination of these components demonstrate 
that GEM 21 STM is toxicoIogically safe and biocompatible. 

2.9.3 Laboratory Studies 
BioMimetic has conducted Binding and Release Kinetics testing of PDGF and 

PDGF residence time in rats. 

_r/ FDA approved a PMA for Miter, Inc’s Per-i-Oss, which is a TCP product, on March-24, 
1982 (P800035). The PMA remains active as evidenced by FDA’s approval of a PMA 
supplement for this device on December 82003. 



2.9.3.1 Binding aad Release Kinetics of PDGF 

To determine the binding and release kinetics of rhPDGF-BB (Becaplermin, 
Chiron Corp.) to various ceramic-based osteoconductive bone substitutes and the effectiveness of 
released rhPDGF-BB upon osteoblastic cell proliferation (bioavailability) BioMimetic conducted 
laboratory studies using various ceramic bone substitutes with primary emphasis on the beta 
tricalcium phosphate (“P-TCP”) based materials, VitOssTM and ChronOSSM. Binding studies 
were conducted under conditions intended to mimic the clinical situation where the surgeon 
saturates the ceramic bone substitute with a predetermined volume of rhPDGF-BB solution prior 
to placement in the defect during surgery. For all binding experiments, a working volume of 
75 UL of rhPDGF-BB (at either 0.2 or 0.5 mg/ml) and 100 UL volumes of ceramic bone 
substitute. Experiments to determine the rhPDGF-BB release profile were conducted by 
incubating the rhPDGF-BB bound to ceramic bone substitutes in vials containing either 
phosphate buffered saline (PBS) or MEM:Ham’s F12 media containing 10% fetal bovine serum 
and sodium azide. The biological activity of the released rhPDGF-BB was determined by 
application of the releasate onto cultured human MG63 osteoblast cells and examination of the 
uptake of 3H-thymidine into newly synthesized DNA. 

For all materials, 0.075 ml of rhPDGF-BB solution completely saturated 0.1 cc of 
bone substitute. RhPDGF-BB bound to all materials examined with maximal binding observed 
within 10 minutes. Between 25-50% of rhPDGF-BB that was originally applied in solution 
remained bound to all materials after washing with sodium acetate buffer. VitOssTM and 
ChronOSTM displayed similar binding characteristics. Similar binding characteristics were 
observed when binding was performed in vials or in open dishes. Bound rhPDGF-BB was 
released from all materials. VitOssTM and ChronOSTM displayed similar release profiles. For 
VitOssRY3 in serum containing media, 50% of the rhPDGF-BB was released within 30 minutes, 
over 90% was released by 24 hours and all detectable protein was released in 48 hours. 
Releasates from either PBS or serum conditions stimulated cell proliferation in a similar pattern 
as mass of rhPDGF-BB released from these materials over time. Proliferation of osteoblast-like 
cells increased by 5- to 1 S-fold when exposed to the rhPDGF-BB releasate from VitOssTM. 

Theoretical projection of these in vitro data to in viva models would indicate a 
bolus release of rhPDGF-BB of about 70% within minutes to hours after implantation of the 
ceramic bone substitute material saturated with a sodium acetate buffer containing rhPDGF-BB. 
This bolus release is followed by release of the remaining 30% over a 2 to 3 day period. The 
rhPDGF-BB released initially as a bolus as well as the rhPDGF-BB released over the following 
few days would be expected to be biologically active based on these studies. 

2.9.3.2 Study of PDGF Residence Time in Rats 

A residence time study in rats was conducted using rhPDGF-BB (Becaplermin, 
Chiron Corp.) and demineralized, freeze-dried human allografi bone matrix (DFDBA) and 
VitOssTM (P-TCP). The purposes of this study were: (I) to compare the binding of rhPDGF-BB 
to DFDBA and P-TCP; and (2) to determine the residence time, or release profile, for rhPDGF- 
BB absorbed to either P-TCP or aflograft in an in vivo craniofacial bone defect model (skeletally 
mature rats). 



VitOssTM P-TCP and DFDBA were saturated with iodinated rhPDGF-BB, the 
radioactivity of the combination materials was characterized and implanted in calvarial defects of 
rats. Radioactivity at the defect sites was measured at different time-point intervals during one 
week. 

To determine in vivo residence time, a mixture of (r2$+hPDGF-BB and 
unlabeled rhPDGF-BB and P-TCP or DFDBA was administered to rats at a concentration of 
50,000 cpm/animal. This mixture was composed of 0.05 cc of p-TCP or DFDBA added to 
375. UL of a 0.25 mg/mL solution of radiolabeled and unlabeled rhPDGF-BB. Cranial defects 
w&e surgically created in anesthetized rats, the rhPDGF-BB, P-TCP or DFDBA grafts were 
implanted, and the wounds were closed. Radioactivity at the implant sites was measured at 
different time-point intervals over one week. 

Data from these laboratory studies demonstrates that on average 45% and 40% of 
the rhPDGF-BB applied in a solution bound to /3-TCP and allograft, respectively. When applied 
to calvarial defects in rats, approximately 95% of the rhPDGF-BB was released from both p- 
TCP and allograft implant sites within 48 hours. Approximately Z-5% of the rhPDGF-BB 
remained in both groups at one week. There were no significant differences between either 
VitOssTM or allograft groups. This study demonstrated that the binding and release (residence 
time) of rhPDGF-BB to /3-TCP and DFDBA is comparable. 

2.9.4 Canine Study 
Between September 2001 and March 2003, BioMimetic sponsored a randomized, 

control study in canines at the State University of New York, Buffalo, New York. The purpose 
of this study was to assess the periodontal regenerative properties of rhPDGF-BB (“PDGF”) in 
combination with P-TCP, rhPDGF-BB in combination DFDBA (allografi), and DFDBA 
(allograft) alone. Two (2) separate doses of PDGF, one at 0.3 mg/mL and one at I .O mg/mL, 
were evaluated in the study. 

Using a beagle dog model of horizontal Class III fur&ion defects, a model that 
provides for ‘critical size’ defects that would not otherwise heal on their own, fifteen (15) adult 
animals contributed 60 treated defects for the study. Defect sites received one of the following 
treatments: (1) p-TCP alone; (2) p-TCP plus 0.3 mg/mL PDGF; (3) p-TCP plus 1 .O mg/mL 
PDGF; (4) DFDBA alone; (5) DFDBA plus 0.3 mglml PDGF; (6) DFDBA plus 1 .O mg/ml 
PDGF; and (7) surgery only, no graft. Treatments were histomorphometrically assessed at two 
and four months for: (1) length of complete new attachment apparatus (CNAA); (2) new bone 
fill (NB); (3) connective tissue fill (CT); and (4) void (VO). Specifically, six (6) defects per 
treatment group were biopsied at two months for a total of 42 sites and six defects in treatment 
groups 1,2, and 3 were biopsied at four months for a total of I8 sites. All histomorphic 
assessments were performed blinded to the treatment. 

One-way analysis of variance was used to test for overall difference among 
treatment groups, and pair wise comparisons were made using the Student’s t-test. Significant 
differences between groups were found at the two-month assessment point. P-TCP, when 
combined with rhPDGF-BB for the treatment of periodontal bone loss, resulted in greater 
periodontal regeneration than current products or procedures, P-TCP alone, bone allograft or 



periodontal surgery without grafts. Of note is that p-TCP with 0.3 mg/ml PDGF was 
significantly better than the current gold standard of DFDBA. The 0.3 mg/ml concentration of 
rhPDGF was at least equally as effective as the 1.0 mg/ml concentration when mixed with p- 
TCP. Furthermore, j3-TCP was observed to be more effective than allograf?. when mixed with 
rhPDGF-BB. There was no increase in ankylosis or root resorption in the rhPDGF groups. Sites 
receiving rhPDGF-BB exhibited improved healing as shown by a decrease in ankylosis vs. 
control sites. This finding may result from the fact that rhPDGF-BB is mitogenic and 
chemotactic for periodontal ligament cells. 

At the four-month assessment point, which only included treatment groups 
receiving p-TCP alone, p-TCP plus 0.3 mg/mL PDGF, and P-TCP plus 1.0 mg/mL PDGF, there 
remained significant differences in periodontal regeneration. P-TCP alone, as a result of 
extensive ankylosis, resulted in 36% regeneration, while the sites treated with p-TCP containing 
rhPDGF-BB had a mean regeneration of 58% and 49% in the 0.3 and 1 .O mg/ml rhPDGF-BB 
concentrations. /3-TCP alone; (2) P-TCP plus 0.3 mg/mL PDGF; (3) P-TCP plus 1 .O mg/mL 
PDGF Substantial bone fill was present in all three treatment groups. /3-TCP alone resulted in 
70% bone fill, P-TCP plus 0.3 mg/ml rhPDGF yielded 100% fill while the 1 .O mg/ml rhPDGF 
group had 75% fill. 

2.9.5 Immunological Testing 

The biocompatibility studies described above demonstrate the biocompatibility of 
GEM 2 1 STM. There was no evidence of mutagenicity, delayed dermal contact sensitization, 
systemic toxicity or mortality, and only sight to mild reactivity and irritation in these studies. 

Furthermore, P-TCP has been used clinically for more than years with no 
published unfavorable adverse responses. Becaplermin gel (Regranexm, has been FDA 
approved for nearly four years for at least 140 daily applications (20 weeks) to surgically excised 
wounds that extend into the subcutaneous tissue or beyond in the lower extremities of diabetics. 

As noted previously, PDGF is a natural endogenous protein that lacks genotoxic 
potential. Additionally, it has a very low degree of absorption and a short half-life in plasma. 
[42]. When administered topically onto surgically excised wounds or subgingivally in 
periodontal defects, Becaplermin (PDGF) is quickly cleared (half-life of hbout four hours) and 
has an insignificant effect on endogenous plasma PDGF concentrations. [42,5 I ] For these 
reasons, Becaplermin is not considered to be a potential reproductive toxin or a systemic 
carcinogen. Thus, carcinogenicity testing was not conducted on GEM 21 SM. 

In summary, the extensive published data on the safety of VitOss and 
Becaplermin coupled with the IS0 10993 testing conducted by BioMimetic on the combination 
of these components demonstrate that GEM 2 1 STM is toxicologically safe and biocompatible. 

2.9.6 Stability Studies 

BioMimetic’s conducted shelf life studies of GEM 2 1 S and found that the device 
maintains its integrity for two (2) years under its conditions of storage, 



2.10 Sterilization 
The individual components of the GEM 21 Sm kit are provided sterile while the 

finished kit is not terminally sterilized after final assembly and packaging of the following three 
components, which are separately sterilized before kitting. 

2.10.1 FiIIed fi-TCP Perio-Cups 

Filled P-TCP containers (perio-cups) are terminally sterilized by irradiation at 
Penn’s contract sterilizer, Isotron plc, a FDA-registered contract sterilizer, The sterilization 
cycle for the filled p-TCP perio-cups is being validated in accordance with the requirements 
outlined in Method I of IS0 Standard IS0 113 37 for substantiation of a 25 kGy sterilization 
dose. The sterilization method produces a 1 Oe6 or higher Sterility Assurance Level (“SAL”). 

2.10.2 Sterile rhPDGF-BB 

rhPDGF-BB is aseptically processed when manufactured. No terminal 
sterilization process is applied. The aseptic tilling of rhPDGF-BB into Nypak syringes is 
supported by the following validation packages: 

l Sterile filtration validation; and, 
l Media fill validation of aseptic filling process. 

The aseptic fill validation studies will follow standard Installation Qualification 
(“IQ”). Operational Qualification (“OQ”), and Process Qualification (“PQ”) documentation. 

2.10.3 Sterile 23 Gauge Blunt Needle 

The 23 gauge blunt needle is an “off-the-shelve” product that is supplied sterile 
by Kendall and is not further processed by BioMimetic or any of its contract vendors. Kendall 
terminally sterilizes this accessory by irradiation (gamma) before receipt. 

2.11 Microbiological Testing 

Release testing of the GEM 21 Sm incorporates microbiological testing, including 
bioburden and sterility testing. 

2.12 Immunological Testing 

The biocompatibility studies described above demonstrate the biocompatibility of 
GEM 21 SThl. There was no evidence of mutagenicity, delayed dermal contact sensitization, 
systemic toxicity or mortality, and only sight to mild reactivity and irritation in these studies. 

Furthermore, P-TCP has been used clinically for more than years with no 
published unfavorable adverse responses. Becapiermin gel (RegranexB, has been FDA 
approved for nearly four years for at least 140 daily applications (20 weeks) to surgically excised 

I wounds that extend into the subcutaneous tissue or beyond in the lower extremities of diabetics. 



. As noted previuusly, PDGF is a natural endogenous protein that lacks genotoxic 
potential. Additionally, it has a very low degree of absorption and a short half-life in plasma. 
[42]. When administered topically onto surgically excised wounds or subgingivally in 
periodontal defects, Becaplennin (PDGF) is quickly cleared (half-life of about four hours) and 
has an insignificant effect on endogenous plasma PDGF concentrations. [42,51] For these 
reasons, Becaplermin is not considered to be a potential reproductive toxin or a systemic 
carcinogen. Thus, carcinogenicity testing was not conducted on GEM 21 Sm. 

In summary, the extensive published data on the safety of VitOss and 
Becaplermin coupled with the IS0 10993 testing conducted by BioMimetic on the combination 
of these components demonstrate that GEM 2 1 S Thi is toxicologically safe and biocompatible. 



3.1 Summary Of Clinical Studies 

The pivotal clinical study of GEM 21 STM is described in this section. 

3.1 Introduction 

A single multi-center controlled clinical trial was performed in the United States 
to demonstrate the safety and effectiveness of GEM 2 1 STM in the management of periodontal 
defects and to assess the regenerative capability of GEM 2 1 STM on bone and sofl tissue. As 
described in more detail below, this study compared results of treatment in three groups: low 
concentration, high concentration, and control. The effect of treatment on bone and soft tissue 
regeneration was assessed using Clinical Attachment Level (“CAL”) and radiographic bone 
measurements. The duration of the study for each patient was almost six months (24 weeks). 

The clinical study described in this section was performed pursuant to an 
approved Investigational Device Exemption (“IDE”) Application, (GO1 0340), which was 
conditionally approved on February 28,2002 and approved without conditions on April 22, 
2002. The IDE investigation was approved for 180 patients at 12 sites. The first patient was 
enrolled in the study on May IO, 2002 and the last patient visit was conducted on May 7,2003. 

3.2 Protocol Summary 

The clinical study was carried out at 11 investigational sites in the United States. 
A total of 180 subjects were enrolled in the clinical trial, evenly divided between the three 
treatment groups. The three treatment groups were defined as follows: 

Group I: GEM 21 STM with sodium acetate buffer containing 
0.3 mg/mL rhPDGF-BB (“low concentration”) 

Group II: GEM 2 1 Sm with sodium acetate buffer containing 
1 .O mg/mL rhPDGF-BB (“high concentration”) 

Group III: P-TCP with sodium acetate buffer alone (“control”) 

Eligibilitv Criteria 

Subjects for this study were recruited from existing subject databases at each 
investigational site, referrals, and screening of volunteers responding to advertisements. 

To be included in this study, subjects must have met all of the following criteria: 

Ft. 
C. 

Aged 25-75, 
No evidence of Localized Aggressive Periodontitis, 
Treatment site with the following characteristics: 

. Probing pocket depth r_7 mm at baseline, 

. After surgical debridement, 24 mm vertical bone defect with at least 1 bony 
wall, 



d. 

. Sufficient keratinized tissue to allow complete tissue,coverage of defect, and 
I Radiographic base of defect 23 mm coronal to the apex of the tooth. 

Give signed informed consent and be willing to comply with the follow-up visit schedule. 

Subjects were excluded from the study if any of the following were true: 

Failure to maintain adequate oral hygiene during the lead-in phase, 
Woman pregnant or planning to become pregnant, 
History of oral cancer or HIV in the last 6 months, 
History of previous periodontal surgery on the study tooth within the last year, 
Study tooth exhibiting mobility of greater than Grade II, 
Study tooth exhibiting a Class III furcation defect, 
Clinical or radiographic signs of untreated acute infection at the surgical site, apical 
pathology, root fracture, severe root irregularities, cemental pearls, cemento-enamel 
projections not easily removed by odontoplasty, untreated catious lesions at the cemento- 
enamel junction (CEJ) or on the root surface, subgingival restorations and/or restorations 
with open margins at or below the CEJ, 
Weekly or more frequent use of smokeless chewing tobacco, pipe or cigar smoking, or 
smoking more than 20 cigarettes/day in the last 6 months, 
Allergy to yeast-derived products, or 
Using an investigational therapy with the past 30 days. 

Study Visits 

Patients in the study attended the following visits: 

* Visit 1 (up to 6 months pre-surgery): Eligibility screening and informed consent 
l Visit 2 (3 months pre-surgery): Scaling and root planning if necessary 
l Visit 3 (2 months pre-surgery): Scaling and root planning if necessary 
* Visit 4 (14 days pre-surgery): Baseline evaluation 
* Visit 5: Periodontal surgery and device placement 
l Visits 6-9 (post-surgical days 3-5,6-g, 12-15, and 19-24): Wound healing assessment, 

pain assessment 
* Visits IO-13 (post-surgical weeks 6, 12, 18 and 24): Clinical measurements and 

radiographs 

Adverse events were ascertained at each post-operative visit and concomitant 
medications were recorded. 

Primarv Effectiveness Endpoint 

The primary effectiveness endpoint for the study was a change in clinical 
attachment level (CAL) between baseline and 6 months. There were two hypotheses for this 
endpoint, to be evaluated sequentially: 



1. Clinically meaningful efficacy: The mean change in CAL 
between baseline and 6 months was compared to a 
historically established level of clinical efficacy (1.5 mm) 
using a one-sample t-test. 

2. Comparative efficacy: The mean change in CAL between 
baseline and 6 months was compared between Group I (low 
concentration) and Group III (control) using a two-sample 
t-test and a one-sided p-value of 0.05. 

Secondary Effectiveness 

The secondary effectiveness endpoints for the study were as follows: 

1. 

2. 

3. 

4. 

5. 

6. 

Comparison of linear bone growth (LBG} and percent of 
original bone defect filled with new bone (%BF) based on 
radiographic measurements (Groups I and II versus Group 
III). 
Area under the curve (AUC) for change in CAL, 
incorporating baseline, 3 month and 6 month data (Groups I 
and II versus Group III), 
Change in CAL between baseline and 6 months (Group II 
versus Group III). 
Pocket depth reduction (PDR) change between baseline and 
6 months (all groups). 
Gingival recession (GR) change between baseline and 6 
months (all groups). 
Wound healing (WI-I) during the first three weeks post- 
operatively (all groups). 

The following secondary effectiveness endpoints were added post-hoc in order to 
compare GEM 2 I STM outcomes with those of previously approved products: 

I. 95% lower confidence bound for change inCAL (both treatment groups at 3 and 6 
months): a 95% lower bound in excess of 2.7 mm is considered to substantiate 
effectiveness (based on Emdogain PMA) 

2. 95% lower confidence bound for change in CAL (both treatment groups at 3 and 6 
months): a 95% lower bound in excess of 1 .I mm is considered to substantiate 
effectiveness (based on PepGen P-l 5 PMA) 

3. 95% lower confidence bound for %BF in Group I at 6 months: a 95% lower bound in 

4. 
excess of 15% will be considered to substantiate effectiveness (based on Parashis, et al.) 
95% lower confidence bound for LBG in Group I at 6 months: a 95% lower bound in 
excess of0.5 mm will be considered to substantiate effectiveness (based on Persson, et 
Cd.) 

Two composite outcomes were also defined based on results from previous 
studies, with success criteria as follows: 



1. CAL gain ~2.7 mm and LBG 21 .l mm at 6 months. 
2. CAL gain ~2.7 mm and %BF 214.1% at 6 months. 

Safety 

Safety was monitored throughout the clinical trial by recording information on all 
adverse events. Adverse events were classified by the investigator according to severity (mild, 
moderate, severe) and relation to device (not related, unlikely to be related, likely related, 
definitely related). The investigator also recorded information on the action taken as a result of 
the adverse event. To assist in adverse event identification, investigators reviewed radiographs 
for evidence of ankylosis, root resorption, or other abnormal changes to the bony architecture. 

3.3 Population Characteristics 

Subjects were enrolled at 11 investigational sites in the United States. One 
hundred ninety five (195) subjects were enrolled into the study, of which 180 were randomized. 
Of the 15 subjects that were not randomized, 4 were excluded during screening and 11 were 
excluded during surgery. The 180 eligible patients were randomized into 3 groups, as defined 
above; 60 into Group I, 61 into Group II, and 59 into Group III. 

Of the 180 randomized subjects, 178 completed the study. One subject from Group II (02-03) 
was Iost to follow-up after Visit 10 (Week 6). One subject from Group III (04-12) withdrew 
from the study after Visit 6 (Day 3-5), but agreed to return for the 6 month visit clinical 
examination. Thus, 6 month outcomes are available for 179 subjects. No subjects were 
withdrawn from the study for non-compliance and no subjects withdrew from the study due to 
adverse events. 

Baseline characteristics by treatment group can be found in Table 3-1. As shown 
in this table, there are no statisticafly significant differences between the treatment groups with 
respect to baseline characteristics. 

Table 3-l: Baseline Characteristics by Tre .atment Grout, 



Multi-rooted Defect 35 (58) 
Vertical Bone Defect 6.Wl.6 5.741.4 5.7& .i 0.36 
Depth (mm) Mean&D 

1 Width of Osseous Defect 3.7Ztl.3 3.5&l .1 3.7fto.9 1 0.61 
(mm) Mean&SD 
Base of Defect to Root 
Apex (mm) Mean&SD 

6.5*2.5 7.0*2.7 7.71t2.8 0.04 
f 

3.4 Results & Analysis 
The test results are summarized below. An analysis of those results is also 

provided below. 

3.4.1 Procedural Outcome 

Primary flap closure was achieved in 100% of Group I subjects, and 98% of 
Group II and III subjects. 

Good or excellent containment of study medication in the lesion was achieved in 
92% of Group I subjects, 98% of Group II subjects, and 95% of Group III subjects. Good or 
excellent sol? tissue closure was achieved in 100% of Group I and III subjects and 98% of Group 
II subjects. 

3.4.2 Post-Procedure Outcomes 

No days of work were missed due to the surgical procedure in 90% of Group I 
subjects, 92% of Group II subjects, and 98% of Group III subjects. Sutures were removed in less 
than 10 days in 20% of Group I subjects, 17% of Group II subjects, and 16% of Group III 
subjects. Good oral hygiene was maintained at all visits by 75% of subjects in each group. 

3.4.3 Effectiveness 

Table 3-2 summarizes the clinical outcome measurements (mean-&SD CAL, PD, 
and GR) by treatment group and visit. These measurements are used to compute improvements 
from baseline, as presented in subsequent tables. 



Table 3-2: Clinical Outcomes b 

Clinical Attachment 

9.lzt1.8 8.8*1*6 8.851.5 
5.4&l -6 5X1.5 5.5&l 7 
5.4ztl.7 5.2&l .6 5.3ztI.6 

Level 

Baseline 1 

(CAL) 
Baseline 

12 Weeks 
24 Weeks 

Pocket Depth (PD) 
8.2Al.3 8.3kl.2 

4.4*1.3 
8.6rt1.3 

4.lrtl.I 12 Weeks 1 

Primary Endpoint - CAL Gain 

Clinically Meaningful EfJicacy 

Table 3-3 shows the mean CAL gain between baseline and 24 weeks for each 
treatment group. In addition, this table shows the 95% lower confidence bound for the mean and 
the one-sample t-test p-value comparing the mean with 1.5 mm, the historically established level 
of clinical effectiveness specified in the protocol. 

Median 
Range (mm) 
95% LCB 
n-value 

4.0 I 3.5 I 3.0 
-2.oto 7.0 -1 .o to 9.0 o.oto 7.0 

3.3 I 3.2 I 3.1 
<O.uol <O.OOl <O.OOl 

As shown in Table 3-3, all three treatment groups had mean CAL gain well in 
excess of the established 1.5 mm level. This, the results for all treatment groups were considered 
to be clinically meaningful. These values also exceed the result reported in the Emdogain PMA 
(2.7 mm) and the PepGen P 1.5 PMA (I .I mm)- 



Comparative Efficacy 

Table 3-4 shows the mean CAL gain between baseline and 12 weeks and between 
baseline and 24 weeks for Groups I and III. In addition this table shows the two-sample t-test p- 
value (one-sided) comparing Groups I and III at each time point. 

Median 4.0 3.0 ----- 
Range (mm) -2.0 to 7.0 0;o to 7.0 ----- 

As shown in Table 3-4, the difference in CAL gain at 12 weeks between Groups I 
and 111 (3.8 mm versus 3.3 mm) was statistically significant (p=O.O4). Between Week 12 and 
Week 24 the CAL gain in Group I remained stable, while the CAL gain in Group III improved 
by 0.2 mm. Accordingly, the difference in CAL gain at Week 24 between Group I and Group III 
(3.7 mm versus 3.5 mm), while still numerically superior, is no longer statistically significant 
(p=O.20). 

Secondary Endpoints - LBG and %BF 

Of the 180 randomized subjects, 174 had data available for the radiographic 
analysis (60 in Group I, 58 in Group II, and 56 in Group III). Table 3-5 shows the mean LBG 
and %BF between baseline and 24 weeks for each treatment group. In addition, this table shows 
the two-sample t-test p-value (one-sided) comparing Groups I and II with Group III, and the 95% 
lower confidence bound for the mean. 

(%BF) I I 
Mean&SE (%) 56.0&46.4 33.9k32.2 17.9=t48.2 



As shown in Table 3-5, for both LBG and %BF, Group I was superior to Group II 
and both were superior to Group III (Group I versus Group III: p<O.OOl; Group II versus Group 
III: p=O.O2). In fact, for both LBG and %BF the mean for Group I was approximately three 
times the mean for Group III. 

The literature-based thresholds for effectiveness were determined to be 0.5 mm 
for LBG and 15% for %BF. As shown in Table 3-5, the 95% lower confidence bounds 
substantially exceeded these thresholds for both Groups I and II. In contrast, the 95% lower 
confidence bounds for Group III (0.43 for LBG and 5% for %BF) do not exceed these 
thresholds. 

Secondarv Endpoint - Clinical and Radiomanhic Comuosite 

To assess the cumulative beneficial effect for clinical and radiographic outcomes, 
two composite endpoints were defined with success criteria as follows: 

I. CAL gain > 2.7 mm and LBG L. 1 .l mm at 6 months 
2. CAL gain > 2.7 mm and %BF 2 14.1% at 6 months 

These composite endpoints are presented in Table 3-6. In addition, this table 
shows the chi-square test p-value (one-sided) for the comparisons between Groups I and II and 
Group III. 

As shown in Table 3462% of subjects in Group I experienced success with 
respect to CAL gain and LBG, as compared to 38% for Group II and 30% for Group III. The 
difference between Group I and Group III was highly significant (~~0.001). Likewise 70% of 
subjects in Group 1 experienced success with respect to CAL gain and %BF, as compared to 55% 
for Group II and 45% for Group III (p=O.O03). 



Secondarv Endpoint - AUC for CAL Gain 

In order to measure the cumulative results from the two time points (12 and 24 
weeks), an Area Under the Curve (AUC) analysis was performed for CAL gain. This 
measurement is in units of “mm-weeks” (mm of CAL gain multiplied by number of weeks of 
follow-up). Table 3-7 shows the CAL Gain AUC for all three treatment groups, as well as the 
two-sample t-test p-value (one-sided) for comparison of Groups I and 11 with Group III. 

Table 3-7: CAL Gain AUC 

(mm-weeks) 
Median 
(mm-weeks) 
Range 
(mm-weeks) 

I 
63.0 59.6 58.2 

11.5 to 140 0.5 to 117 0.1 to 112 

p-value I 0.05 I 0.35 I ----- 

As shown in Table 3-7, the CAL Gain AUC for Group I (67.5 mm-weeks) was 
significantly better than that for Group III (60.1 mm-weeks), with a p=O.O5. This demonstrates 
that subjects in Group I maintained an overall level of improvement that was superior to that 
experienced by subjects in Group III. Referring back to the CAL gain values in Table 3-3, it is 
clear that, while both treatment groups ultimately achieved a similar degree of improvement, 
subjects in Group I improved more quickly than subjects in Group III. 

Secondarv Endnoint - CAL Gain Groun II versus Group III 

The primary effectiveness endpoint is a comparison of CAL gain at 24 months 
between Groups I and III. The comparison of CAL gain at 24 months between Groups II and III 
was made a secondary endpoint since it is only of interest if the low concentration product is 
effective and if there is a significant advantage to using the high concentration product instead of 
the low concentration. Table 3-8 shows mean CAL gain at 24 weeks for Groups II and III, along 
with the two-sample t-test p-value (one-sided> for this comparison. 

Table 3-8: CAL Gain between Baseline and 24 Weeks for 
Group II and Group III 

Range (mm) 
p-value 

I -1 .o to 9.0 I 0.0 tc 
0.29 --__- 

As shown in Table 3-8, there is no significant difference in CAL gain at 24 weeks 
between Groups II and III (p=O.29). 



Secondary Endpoints - GR and PDR 

Tables lo-9A and. 1 O-9B summarize the results for gingival recession (GR) and 
pocket depth reduction (PDR) at 12 and 24 weeks, respectively, for all three treatment groups. 
These tabIes also show the two-sample t-test p-values (two-sided) for the comparisons between 
Groups I and II and Group III. 

As shown in Table 3-9B, there were no significant differences between treatment 
groups with respect to GR and PDR at 24 weeks. As shown in Table 3-9A, consistent with the 



results for CAL gain, however, there was a statistically significant difference for GR at 12 weeks 
between Group I and Group III (0.5 mm versus 0.9 mm; p=O.O4). 

Secondary Endpoint - Wound Healing 

A wound-healing scale modified from the index described by Lobene et al. (1986) 
was used to assess wound healing during the first three weeks post-surgery. This scale ranges 
from 0 (absence of inflammation) to 5 (severe inflammation). 

Table 3-10 shows the wound healing scores for each of the 4 early post-surgical 
visits, for each treatment group. This table also shows the Co&ran-Mantel-Haenszel p-value for 
comparison of Groups I and II with Group III. 



Visit 8 (12-l 5 days) 

Visit 9 (19-24 days) 
0 

4 
n-value 

28 (48) 

completing healing was experienced by 72% of subjects in Group I, 60% in Group II, and 55% 
in Group III. Although the Co&ran-Mantel-Haenzsel test (which takes into account the ordinal 
nature of the wound healing score) p-value did not achieve statistical significance (p=O. 14), a 
chi-square test contrasting complete healing (Grade 0) with incomplete healing (Grades l-4), 
showed that the difference between Groups I and III was, indeed, statistically significant 
(p=O.O3). 

Comparison with Historical Efficacy 

Table 3-l 3 summarizes the results for the outcome measures for which historical 
eff?cacy thresholds were established. For CAL Gain, LBG and %BF, the mean and 95% lower 
confidence bound are presented, along with the historically established threshold. 

43 (72) 36 (60) 32 (55) 
12 (20) 19 (32) 19 (33) 
3 (5) 2 (3) I 3 (5) 
1 (2) 3 15) 3 (9 
1 (2) 0 (0) I 1 (2) 

As shown in Table 3-10, by Visit 9 (approximately 3 weeks post-surgery), 



As shown in Table 3-11, in all cases the outcome measures observed in this study 
far exceed the historical efficacy threshold, indicating that GEM 21 SW is superior to products 
previously approved for the same indication as well as to standard clinical practice for this 
patient group. 

3.4.4 Safety 

Adverse events (AEs) were collected throughout the study by patient inquiries 
during scheduled patient visits. Table 3-12 summarizes the overall number and incidence of 
adverse events, as well as the number and incidence of severe AEs, serious AEs, and treatment 
related AEs. 

narv of Adverse Events 

# Severe AEs 0 2 I 2 ----- 
# Serious AEs 1 1 2 ----- 

As shown in Table 3-12,44 subjects (73%) in Group I experienced 88 adverse 
events (AEs), 42 subjects (69%) in Group i1 experienced 93 AEs, and 39 subjects (66%) in 
Group III experienced 89 AEs. There were no significant difT?erences in the incidence of adverse 



events across the three treatment groups. There were no treatment-related serious adverse events 
and no subjects discontinued study participation due to adverse events. 

system. 
Table 3-13 lists all AEs with incidence >2%, by treatment group and body 

---, 
Digestive 

Malaise 

Periodontal 
abscess I 

Stomach 
Surgical site 35 (58.3%) 35 (57.4%) 32 (54.2%) 

1 reaction 
1 Tooth disorder ! 4 (6.7%) 7 (llS%} I (1.7%) 

Tooth pain 3 (5.0%) 4 {6.6%) 4 (6.8%) ----- 
Musculoskeletal 1 I 

Muscle pain 3 (5.0%) I (1.6%) 0 (0.0%) 
Respiratory 

Respiratory 2 (3.3%) 
disorder 

1 1 (1.6%) 3 (5.1%) 

Sinusitis 3 (5.0%) 1 0 (0.0%) 0 (0.0%) 
Ski&Appendages 

Herpes simplex 2 (3.3%) I 0 (0.0%) 1(1.7%) 

As shown in Table 3-13, the most frequently experienced adverse event for all 
treatment groups was pain at the surgical site, which was an expected sequelae following the 
periodontal procedure employed for this trial. There were no differences in incidence of pain 
across the three treatment groups. 

3.4.5 Multivariate Analysis 

Subgroup analyses showed that increased LBG, improvement in %BF and higher 
CAL gains were observed in non-smokers compared to smokers, and subjects with three or 
circumferential apical bone walis compared with subjects with one or two apical bone walls. 
Improved effectiveness outcomes were seen in subjects with baseline areas of defect >2 1 mm*, 
those who were 5.50 years of age, and non-Caucasians. 

Additional analyses were performed to examine differences in CAL outcomes 
adjusting for demographic characteristics, In these analyses the following results were noted: 



0 No statistically significant diffmences were,observed between treatment Groups I and III 
when comparisons were adjusted for age, gender, race and current smoking status (p = 
0.42, ANCOVA model two-sided test). 

l The study center by treatment interaction was found not to be statistically significant (p = 
0.12, ANCOVA model two-sided test). 

l No statistically significant differences were observed in the among-group comparison (p 
= 0.70, one-way ANOVA model). 

0 There was no observed linear concentration trend (p = 0.41, linear contrast ANOVA 
model). 

3.5 Summary 

Effectiveness 

As shown in Table 3-14, below, Group I (P-TCP plus 0.3 mg/ml PDGF) achieved 
statistically beneficial results for gain in clinical attachment levels and less gingival recession at 
three (3) months as well as gain in linear bone growth and increased bone fill at six (6) months, 
compared to the active control Group III which received P-TCP alone. The clinical significance 
of these results is confirmed by comparison to historical benchmarks of effectiveness for other 
approved treatments. Furthermore, the beneficial effects of GEM 21 .Sm were observed in all 
types of defects, including one to three wall and circumferential defects. These results address 
an unmet clinical need in that GEM 21 STM provided a clear benefit even in the most severe cases 
where P-TCP alone was ineffective. Thus, GEM 21 STM provided a more predictable treatment 
option for all types of defects than the active P-TCP control. 



Table 3-14. Sunknary of Ckiinical and Radiographic Effectiveness of 
GEM 21STM 

m for Emdogain & 1 .I mm for 

Safetv 

There were no statistically significant differences observed in the incidence of 
AEs (all causes) among the three treatment groups. The most frequently experienced AE for all 
treatment groups was pain at the surgical site, which was an expected sequelae following routine 
periodontal surgeries. 

Seven (7) subjects in Group I, six (6) subjects in Group II and five (5) subjects in 
Group III experienced AEs that were assessed by the investigator as likely or definitely related to 
the investigational product, none of which were considered serious (see below). 

Four (4) subjects experienced four (4) adverse events classified as “serious” 
(SAEs), none of which were directly attributable to the test product(s). 

No subject discontinued participation in the study due to an adverse event. 

products. 
In conclusion, the safety analysis did not identify any increased risk for the test 

3.11 Additional Information Requested by I?DA 

This section includes the following additional information that FDA requested at 
the February 3,2004 pre-PMA meeting: (1) a Kappa analysis regarding intra-examiner 
reproducibility and inter-examiner consistency for the pivotal study; (2) a meta-analysis 
comparing GEM 2 1 S TM to current treatments periodontal bone defects; and (3) a reassessment of 
CAL gain due to the outlier patient. 

3.11.1 Kappa-Analysis 
The PMA also summarizes the results of the Kappa analysis regarding intra- 

examiner reproducibility and inter-examiner constancy of probing measurements, which FDA 
requested. The Kappa score was 0.9357 (p<O.OOOI) for i&a-examiner reproducibility. The 
Kappa score was 0.8901 (p<O.OOOl) for inter-examiner consistency. Thus, the probing 
measurements were both reproducible within each investigator and consistent across 
investigators. 



3.11.2 Meta-Analysis 
Comparisons of the GEM 21 S TM clinica results were made to the clinical 

outcome findings (“‘meta-analysis”) conducted by the American Academy of Periodontology and 
reported by Reynolds et al, (48) and G&mobile et al. (49) in the December 2003 issue of the 
Annals of Periodontology. The lead authors of each of these articles compared GEM 21 Sm (p- 
TCP+0.3mg/ml PDGF) to the results reported in their respective published articles. 

In the first analysis, Dr. Mark ReynoIds, the lead author of the article on bone 
substitutes, concluded that the GEM 21 STM clinical study patient population was comparable to 
the patient population described in the published meta-analysis, based on their baseline 
characteristics. The author compared GEM 21 STM ‘s and current periodontal bone grafting 
materials’ clinical attachment levels, probing depths, and linear bone fill. The results are 
summarized in the following table. 

PEP GEN I 1.10 3.2 
GEM 21S=M 3.7 4.4 2.52 

L B-TCP Alone 3.5 4.2 0.89 

Abbreviations: 
OFD=open flap debridement; ALL=allograft; AUT=autograft; CER=ceramic; COR=coralline; GLA=Bioactive 
glass 

The author concluded that the GEM 2 1 SrM study results demonstrated its clinical effectiveness in 
the treatment of periodontal bone defects and provided favorable outcomes compared to these 
historical clinical measures. 

Drs. William Giannobile and Martha Somerman, the authors of the article on 
enamel matrix derivatives and growth factors, compared the clinical and radiological effects of 
GEM 21 STM to those reported in their article for Emdogain and open flap debridement, both of 
which are current standards of care. The results are summarized in the following table. 



OFD 0 I 0 2.1 

Emdogain 1.1 14.5 2.9 1 
Allograft 0.5 t 15.3 1 0.5 
GEM 21STM 2.5 56 3.7 
B-TCP Alone 0.9 I 17.9 I 3.5 

The authors concluded that GEM 21 STM is safe and effective and was likely to provide superior 
resuIts in clinical applications where bone augmentation is warranted. 

Both meta-analyses showed that GEM 21 Sm compares favorably to the current 
treatment options for periodontal bone defects. 

3.11.3 CAL Recalculation Due to Patient Outlier 
An assessment of patient enrollment indicated that a single patient at site number 

9 (patient 09-21) was an outlier in the database where the absolute value of CAL gain declined 
from 3 to 6 months. This patient was enrolled in Group I (0.3 mg/ml). An assessment of this 
patient’s radiographs was performed. It was noted that the radiograph for this patient at the time 
of surgery indicated an untreated acute apicaI infection at the surgical site. The use of GEM 21 S 
in an untreated acute infection at the surgical site is a contraindication for the device. Thus, the 
rationale for this outlier analysis is justified on the basis of the radiographic evidence. 

The revised CAL gain for Group I between surgery and 12 weeks is shown in the 
table below. The results have been computed to two decimal points to better illustrate the effects 
of the revision. 

Table 34 clearly shows that the excIusion of the single outlier patient improves 
the superiority assessment. The CAL gain has improved from 3.78 mm to 3.81. Importantly, the 

I 

p value of Group I vs. Group III has been improved from 0.041 to 0.032, both of which are 
statistically significant. 

Table 1. Adjusted CAL Gain for Group I Between Surgery and 12 Weeks 

Group I ,’ 
12 Weeks 

CALaGain 
3.78 (SD=l.44) 

p-Value+ 

n ndl* 

(Patient 09-21 Excluded) 
c:At Gain : f p-Vajui+ _ 

1 3;8l-(SD=1.43) 1 0.032” 

1 Ref.: Statistical Tables 1 lb2 and 11 b2a 



’ vs. Group IT1 (Not covariate-adjusted) 
* Statistically significant 

A similar improvement can be seen in the 24 week results, below. In the 
following table, the original CAL gain of 3.73 mm has been revised upward to 3.83 mm, 
indicating that the CAL gain has, in fact, improved from the 12 week time point. 

Adjusted CAL Gain for Group I Between Surgery and 24 Weeks (Same as Table 9) 

Ref.: Statistical Tables llbl and llbla I 
+ vs. Group III 

At 24 weeks, the original assessment appeared to indicate that the change in CAL 
for Group between 12 and 24 weeks had declined from 3.8 mm to 3.7 mm. In contrast, the 
reanalysis of the data with the exclusion of a single patient with an acute infection indicates a 
slight improvement in CAL between 12 and 24 weeks. In all cases, Group I continued to be 
improved compared to Group III. 

A similar effect was seen by removing the entire site from the analysis as shown 
in the table below. By excluding Site 09, the CAL gain at 24 weeks has been revised from 3.73 
mm (original analysis) to 3.85 mm. Further, this revision shows an improvement in CAL gain 
from 12 weeks (3.78 mm) to 24 weeks (3.85 mm). 

Table 2. Adjusted CAL Gain for Group I Between Surgery and 24 Weeks 

The recalculation improved the significance of CAL gain at 12 weeks from a p value of 0.041 to 
0.021 (both statistically significant); improved the 24 week CAL Gain from 3.72 mm to 
3.83 mm; and revised the statistical significance 6% the Area Under the Curve (L(AUC”) analysis 
from p=O.O54 to p=O.O33, a statistically significant finding. 



3.12 Conclusions Drawn From the. Studies 

This section contains a summary of the safety and effectiveness data regarding the 
GEM 2 1 STM and a risk benefit analysis of this device. 

3.12.1 Safety 

This study revealed no evidence of either local or systemic adverse effects. This 
is consistent with the GEM 21 STM biocompatibility data and the historical safe use of each 
individual component. There were no adverse outcomes attributable to the study device and the 
device. Thus, was found to be safe. 

3.12.2 Effectiveness 

GEM 2 1 SW was found to be an effective treatment for the restoration of soft 
tissue attachment level and bone as shown by: 

0 Significantly improved clinical attachment levels at three 
months compared to the active control, a finding that was 
consistent with the area under the curve analysis that showed 
an improvement in clinical attachment level gain between 
baseline and six months; 

0 Significantly improved linear bone growth and % bone fill 
compared to the active control; 

l Significantly improved clinical outcomes as shown by the 
composite analysis of both soft and hard tissue measurements 
compared to the p-TCP alone active control; 

e Exceeding established benchmarks of effectiveness both 
clinically and radiographically. 

The effectiveness outcome measures, as shown in the clinical and statistical 
results above, together with extensive and confirmatory data from in-vitro, animal and other 
human studies, provide a persuasive and powerful record on the benefits of GEM 21 STM in 
regeneration of both soft and hard tissue in periodontal defects. Thus, it is concluded that 
GEM 2 I STM was shown to achieve clinical and radiographic effectiveness by six months for the 
treatment of moderate to severe intraosseous periodontal defects. 

3.12-3 Summary 

GEM 21 STM was shown to be safe and effective in the restoration of alveolar bone 
and chnical attachment around teeth with moderate to advanced periodontitis in a large, 
randomized clinical trial involving 180 subjects studied for up to 6 months. 



As a fully synthetic product, the risk-to-benefit assessment establishes the 
GEM 21 STM device to have a sound and compelling clinically beneficial effect as measured by 
standard and accepted outcomes with minimal or no risks. 
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GEM 21STM Summary Principles of Operation 



4.1 Principles of Operation/Properties of the Device Relevant to its Indications 
for Use 

GEM 21 STM is a bone void filler that consists of equal parts P-TCP and 

Becapfermin. Although the p-TCP and Becaplermin are combined before being implanted in the 

bone defect, each component performs different functions. 

4.1.1 p-TCP 

Orthovita’s Vitoss, which is GEM 21 STM’s P-TCP component, is the primary 

component of the device. p-TCP is a synthetic bone void filler that has a similar chemistry and 

molecular structure to human cancellous bone. This component provides a biocompatible, 

osteoconductive, and three dimensional scaffold to facilitate new bone formation. It also 

stabilizes the blood clot and prevents the collapse of scar tissue into the bone void. 

More specifically, when the GEM 21STM product is placed in direct contact with 

viable host bone, new bone grows in opposition to the P-TCP”s calcium phosphate surfaces. As 

GEM 21 STM’s P-TCP resorbs, bone and other connective tissues grow into the space previously 

occupied by the scaffold. 

4.1.2 rhPDGF-BB 

GEM 21 Sm contains a diluted solution (0.3 mg/ml) of rhPDGF-BB from Chiron 

which enhances the physical and mechanical action of the P-TCP by promoting cellular in- 

growth into the periodontal bone defect and the P-TCP scaffold, thus providing an optimal bone 

healing environment. 



The mechanisms of action of PDGF are well understood. Endogenous PDGF is 

one of five major growth factors that appear to initiate the cascade of events that lead to healing. 

[4,63 Naturally occurring PDGF is contained within the alpha granules of blood platelets where 

it is delivered to injured areas in the body. Once released from the platelets (or the recombinant 

protein is applied) it has been shown to establish the normal wound healing cascade, to include 

proliferation (mitogenesis) of osteoblasts and periodontal ligament fibroblasts as well as their 

directed migration (chemotaxis) and protein synthesis by binding to well characterized cell 

surface receptors. PDGF also initiates angiogenesis leading to capillary budding into the graft. 

In addition, PDGF is present in bone matrix and is produced locally at fracture sites. [60,44,43, 

1 ,S] Cell surface receptors for PDGF are up regulated during fracture healing, which provides 

additional evidence that these proteins contribute to normal fracture healing.[l, 301 Thus, PDGF 

encourages the repair process by inducing cell chemotaxis, activation of infl ammatory cells and 

increasing extracellular matrix deposition, cell mitogenesis, and protein synthesis. 

There are a number of reports of in vitro studies demonstrating the potent effects 

of PDGF on the proliferative activity of periodontal ligament fibrobiasts. [20,57,67, 731 PDGF 

stimulates gingival tibroblast hyaluronate synthesis, a prerequisite for the formation of large 

aggregates of proteoglycans that provide the lattice for the extracelhtlar matrix. 13 ] PDGF has 

also been shown to promote periodontal ligament fibroblast proliferation beneath expanded 

polytetrafluorethylene (ePTFE) fenestration defects in dogs. [97] 

The extensive pre-clinical literature, including animal studies in rats, dogs, 

miniature pigs and non-human primates, and clinical studies regarding rhPDGF-BB 

demonstrates that its application to general and periodontal bone defects, promotes periodontal 

regeneration (including new bone, periodontal ligament and cementum formation). 



4 12 GEM21STM . . 
The mixing of p-TCP and rhPDGF-BB does not alter the properties of either 

component. Thus, GEM 21 SW provides the clinical benefits of both of its components. 





Information on the Sterilization of the Device 

5.0 Information on Sterilization of the Device; Manufacturing 

The components of the GEM 21 STM kit are provided to the user as 

sterile, while the tray used in the packaging and shipping of the kit are non-sterile. 

5.1 Introduction and Overview 

BioMimetic has a well-established Quality System that describes, implements, 

and monitors the good manufacturing practices the company follows in the manufacture of the 

GEM 21 STM. The elements of this system are described in the sections below. The format and 

content of the information contained in this section follows the Food and Drug Administration’s 

(“FDA” or the “agency”) Quality System Information for Certain Premarket Application 

Reviews; Guidance for Industry and FDA Staff (February 3, 2003) 2/ and includes information 

regarding the company’s compliance with major provisions of FDA’s Quality System Regulation 

(“‘QSR”) (21 C.F.R. Fart 820). Representative procedures and forms that are in effect at the time 

of this submission are included within the Appendices to this section. 

Individual manufacturing, packaging, sterilization, testing, and distribution 

processes for GEM 2 1 STM (and GEM 2 1 STM components) are performed under the direction of 

contr&ct vendor who is responsible for the filling, packaging, and testing of the Beta Tricalcium 

2 The February 2003 Guidance supersedes the draft Guidance on Qua&y System 
Regulation Information for Various Premarket Submissions reIeased for comment on August 3, 
1999, 



. Phosphate (“p-TCP”) component of GEM 21 STM into perio-cups and the packaging, labeling, 

and release of the final GEM 2 1 STM Kit ontact sterilization 

vendor who is responsible for sterilizing the filled P-TCP perio-cups; 

e contract vendor who is responsible for the dilution of bulk rhPDGF-BB, filling 

of the diluted rhPDGF-BB into sterile Hypak syringes, and performing in-process analytical 

testing; a the contract vendor who is responsible for conduct 

analytical and stability testing on the rhPDGF-BB finished product. Each of these processes, and 

BioMimetic’s practices to ensure QSR compliance in the manufacture, packaging, sterilization, 

testing, and distribution of GEM 21 STM, are described below. 

Finally, GEM 21 STM is a kit which contains component parts, Le., rhPDGF-BB, 

P-TCP, and a blunt-end cannula, which BioMimetic sources only from FDA-registered/licensed 

suppliers. 

5.2 Manufacturing Processes 

BioMimetic is the designer and specification developer for the GEM 21 STM Kit. 

BioMimetic subcontracts the manufacture, packaging, sterilization, testing, and distribution of 

the GEM 21STM Kit to different contract vendors ensuring: (1) filling, packaging, and testing of 

P-TCP component of GEM 21 STM into perio-cups; (2) sterilizing the filled P-TCP perio-cups; 

(3) dilution of bulk rhPDGF-BB, filling of the diluted rhPDGF into sterile Hypak syringes, and - .,l,,, - .- -- I ,.” ,.. ,_., “, ,I .__, ,“)“,CiC /i. .,.,,.. .._, . . . . . .C”,,,.) ../ I/,~~j_ll , 
performing in-process analytical testing; (4) packaging, labeling and release of the final 

GEM 21 STM Kit; (5) analytical and stability testing on the finished product; and (6) distributing 

GEM 2 1 STM into the market. Each kit contains a filed j3-TCP perio-cup; a syringe containing 



diluted rhPDGF-BB, and a 23 gauge blunt needle (or blunt end cannula). As discussed below in 

Section 6.16, the kit itself in not terminally sterilized. 

The manufacture and assembly of the GEM 21 STM kit is unique in that its 

production and components consists entirely of FDA licensed or marketed materials. It uses 

standard processes to produce the device and established testing procedures to evaluate its 

quality. BioMimetic does not directly manufacture or perform analytical testing of GEM 21 Sm. 

All the production and testing operations are performed by vendors specifically contracted by 

BioMimetic on the basis of their technical expertise, quality standards, and regulatory fitness in 

that all vendors: 

l Have specific technical experience in the operations 

that they have been contracted to perform and have 

been assessed for their suitability to perform these 

functions; 

> Have undergone an assessment on their quality 

systems; and, 

l Have in place current and appropriate regulatory 

registrations, permits and certificates that allow 

them to perform their function in conformance with 

applicable laws and regulations. 

The sterility for each of the components are assured through the overall manufacturing process, 

the quality systems applied and the adherence to recognized standards to include LISP sterility 

testing for the aseptically filled rhPDGF-BB and sterilization validation of the p-TCP component 

in conformance with IS0 I 1307. 



SUPP -BB 
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Nonclinical Laboratory Studies 



6.0 NONCLINICAL LABORATORY STUDIES 

6.1 Introduction 

As previously stated, the beta tricalcium phosphate (“D-TCP’) component of the 

GEM 2 I STM device, i.e., VitOssTM, was 51 O(k)-cleared by the FDA as a osteoconductive 

synthetic bone void filler for the treatment of nonstability osseous defects resulting from surgery 

or traumatic injury to the bone. BioMimetic incorporates by reference all data and information 

in Orthovita, Inc.‘s 5 1 O(k) notice for VitOss as authorized by Orthovita’s letter of cross- 

reference. 

The GEM 21STM kit also contains a dilute solution of Becaplermin (.OS ml of 

0.3 mg/ml) that enhances the recruitment of bone cells into the bone void filler facilitating bone 

regeneration. Becaplermin (also referred to as rhPDGF-BB or PDGF) is a synthetically 

produced and purified recombinant human platelet-derived growth factor that is a normal 

component in wound healing. A number of different isoforms of platelet-derived growth factor 

(PDGF) occur naturally in the body, such as PDGF-BB, PDGF-AB, PDGF-AA, PDGF-C and 

PDGF-D. The Becaplermin used in GEM 21 STM is the same as the rh-PDGF-BB active 

ingredient used in the FDA, BLA-approved RegranexB product (FDA License No. 1106), and 

has been subject to numerous in vitro, animal and human trials to demonstrate its safety and 

effectiveness as a wound healing agent. Additional information on the characteristics and 

manufacturing of Becaplermin are incorporated by reference. 

More than 60 scientific articles have been published describing the contribution of 

each part of the GEM 21 STM device. ImportantIy, this substantive body of scientific evidence 

shows that each component of GEM 21 STM is safe and effective. The principal mode of action 



of P-TCP is as an osteoconductive bone void tiller. The device physically fills bone defects 

providing a matrix or scaffolding for bone formation. By filling the defect it also prevents 

collapse of the soft tissues into the bone defect and, due to its porous nature, facilitates 

stabilization of the blood clot. The product has a macroscopic structure and chemical and 

physical properties similar to human bone thus favoring bone ingrowth. This process does not 

require chemical action within or on the body nor does the synthetic bone substitute have to be 

metabolized to achieve bone regeneration, The rhPDGF-BB enhances the @-TCP’s physical and 

mechanical actions by promoting cellular ingrowth into the osseous defect and bone matrix. 

Thus, rhPDGF-BB serves as an adjunct to the B-TCP. 

6.2 Published Studies on P-TCP 

P-TCP is a purified, multicrystalline, porous form of calcium phosphate. The 

Ca:P& ratio of P-TCP is I .5 and is similar to that found in bone mineral (1.7). A number of 

animal studies have shown that P-TCP is compatible with host tissue and elicits no adverse 

reactions. [6,47,48,64, 16, SS] Ingrowth of bone into the P-TCP bone substitute has been 

observed in numerous animal models for the treatment of various types of defects located 

throughout the skeleton. 

In a study comparing non-resorbable hydryoxyapatite (“HA”) to resorbable p- 

TCP, for use in surgically created defects in the mandible of sheep, the authors report that defects 

treated with P-TCP healed completely after four months while defects treated with HA did not 

heal completely, even after 12 months. [3 1] Additionally, the histologic results demonstrated 

that the P-TCP granules underwent remodeling and were replaced by host bone while the non- 

resorbable HA often exhibited fibrous encapsulation. At 12 months, the authors state that it was 



not possible to distinguish the borders of the original defect treated with P-TCP, providing 

further evidence of excellent incorporation and remodeling of the P-TCP within the host bone. 

In an animal study (caprine model) evamating the use of P-TCP for treatment of 

tibia1 plateau fractures, the authors report that P-TCP performed as well as the gold standard 

(autologous bone} when evaluating stiffness of the regenerated bone. [9S] Additionally, tibiae 

treated with autologous bone alone developed degenerative joint disease or plateau collapse, 

while those treated with P-TCP did not. 

A study has been conducted comparing P-TCP, coflagen sponge, demineralized 

freeze-dried bone allograft (“DFDBA’) or hydroxyapatite (Interpore 200) in surgically created 

defects of miniature pigs. [ 121 The authors report that p-TCP demonstrated extensive 

substitution (replacement with host bone) during the healing period. Parallel with the decrease 

of p-TCP volume within the defect, the mean volume of bone matrix increased consistently, 

“reaching what was clearly the best level of all test fill materials (69%) after 24 weeks of 

healing, and in fact exceeding levels obtained with autograft,alone (53%)“. This finding 

indicates the usefulness of this material as a bone substitute due to its ability to facilitate host 

bone growth throughout the fill material by providing a substrate for matrix deposition, 

subsequently undergoing remodehng and finally being replaced by host bone. 

P-TCP has been used in the treatment of periodontal defects in dogs and humans. 

[64, 161 P-TCP undergoes progressive degradation and replacement by calcified bone. [6, 16, 

27,62,31, 121 



In a comparative study of proximal tibia1 marrow defects in nine adult Goettinger 

mini-pigs, The degradation kinetics of a- and p-TCP were evaluated. [56] Surgically created 

defects were prepared in the right and left tibiae, and defects on one side received P-TCP while 

the contralateral side was implanted with CX-TCP. Both types of TCP were found to be 

osteoconductive, however, the P-TCP demonstrated far;ter degradation with better micro-osseous 

conduction and an enhanced tissue response compared to a-TCP. 

A number of human clinical investigations have been conducted using P-TCP 

products. In a report of a prospective clinical study to compare combination grafts of P-TCP and 

autologous bone (iliac crest) to allografi and autologous bone (iliac crest), the authors report that 

both combination grafts were successful in achieving dorsal spondylodesis in adolescent 

idiopathic scoliosis (AIS). Bone mineral density was greater in the P-TCP group, with complete 

resorption of P-TCPcafier 8 rt 2 months.’ [62f 

Numerous additional clinical studies provide further evidence of P-TCP’s 

biocompatibility and usefulness as an osteoconductive scaffold for the treatment of intrabony 

defects resulting from periodontal disease. [65,92,36,41,84,2,86,29,78,86] At six months 

post-surgery, for intrabony periodontal defects treated with P-TO, the material has been shown 

to be well retained, provide flap support, reduce tooth mobility, and preserve function of the 

denti tion. [92] 

In a pilot study to assess the ability of TCP to maintain the alveolar ridge 

following tooth extraction, three patients with 10 fresh extraction sockets were treated with five 

TCP grafts, on one side, or with nothing (blood clot alone), on the contralateral side. [55] 



Extraction sockets filled with TCP resulted in significantly better maintenance of alveolar ridge 

width and height compared to the control (contralateral) sites. The investigators concluded that 

the TCP resulted in more effective preservation of alveolar bone. 

In over 25 years of use as a bone void filler, there are no known reports in the 

literature of either unfavorable host responses to p-TCP or interactions between P-TCP and any 

currently approved drugs. 

p-TCP (VitOssTM) Scaffold 

The following section provides a brief description of the compIkted studies 

conducted on the VitOssTM component of GEM 2 1 STM. 

VitOssTM synthetic cancelIous bone void filler is characterized by nano-sized 

particles and an extensive pore size distribution. VitOssTM is a porous, low-density construct 

prepared by fusing particles of P-TCP that average 1-2 w in diameter. The use of nano-sized p- 

TCP primary particles increases the microporosity of the structure, resulting in a scaffold of 

approximately 90% interconnected void space, with pores ranging in size from 1 m to 

1000 p. [21] This large increase in interconnected porosity, relative to other p-TCP constructs, 

potentially permits a more continuous supply of nutrients and extensive cellular and tissue 

ingrowth into the scaffold, with enhanced revascuIarization. These characteristic properties may 

facilitate a more rapid and complete bone repair. In vivo studies have shown that progressively 

smaller particles improve osteoconductive performance and by exposing more of its surface area 

to the biologic milieu, the material may be resorbed at a faster rate than more dense forms of p- 

TCP. [43J 



A canine study was undertaken to assess the efficacy of VitOssTM synthetic 

cancellous bone void filler. [52 ] Blocks of VitOssTM were used in the repair of cylindrical 

metaphyseal defects measuring 10 mm by 25 mm in canine humeri. Bone ingrowth and scaffold 

resorption were quantified using standard histomorphometric techniques for specimens examined 

up to 1 year post-implantation. As early as three weeks, VitOssTM showed resorption throughout 

the defect site and some immature bone formation evenly throughout the site as well. 

Remodeling was essentially complete in six to 12 weeks, with bone density in the normal range 

and the scaffold almost completely resorbed by the end of that period. By 24 weeks, the 

implant’s trabecular orientation approximated the normal stress patterns of adjacent bone. 

Hjstologically and radiographically, the bone within the defects were virtually indistinguishable 

from the surrounding bone at the 12-, 24-, and 52-week post-implantation time points. The 

stress-strain curve of VitOssTM was found to be nearly identical to the host bone at 24 and 52 

weeks. X-ray diffraction (XRD) data confirms a 95% match to normal bone at 1 year. 

6.3 Published Studies on PDGF 

Set forth below is a summary review of several published in vitro and in vivo 

studies containing data demonstrating that PDGF, when applied at the low, safe levels provided 

for in the GEM 21 STN device, has a beneficial effect when used in a single application. 

Specifically, these published studies demonstrate that: 

(1) PDGF is naturally present in the bone matrix and is 

produced locally at fracture sites [44, 1,8]; 



(2) PDGF provides for enhanced repair of craniofacial 

bone defects using only 2-3 ng of PDGF per day in 

chitosan-TCP sponges [46]; 

(3) PDGF is a chemotactic factor for bone cells and is 

naturally produced during early phases of fracture 

repair [443; 

(4) PDGF is a necessary component in the promotion of 

normal fracture repair [30]; 

(5) Platelet Rich Plasma, which contains small amounts of 

PDGF, provides benefits to allograft in the rate of bone 

formation observed clinically [54]; 

(6) Clinical use of low amounts of PDGF (5Opg/ml), in a 

single application to periodontal defects, was found to 

be safe and effective in the regeneration of bone, when 

used in combination with another growth factor, IGF 

[SO]; and 

(7) PDGF enhanced bone regeneration even when used in 

conjunction with the current therapeutic ‘Gold 

Standard’ of Demineralized Bone Matrix (DBM). [38] 

The in vitro and in viva literature has shown that the PDGF component in 

GEM 21 Sm is sufficient to provide a beneficial affect that is equal to or better than that seen in 

marketed materials such as Autologous Growth Factors (AGF), without posing any of the risks 

associated with AGF. Furthermore, an acceptable safety profile of the single application PDGF 



contained in the GEM 21 STM is supported by substantial published scientific evidence on the safe 

use of PDGF at levels far exceeding the low levels of PDGF contained in GEM 21 STM. [83] 

63.1 PDGF Mode of Act-ion 

Nearly 100 studies over 15 years have been published in the literature, 

demonstrating the regenerative effects of PDGF on bone and other components of the 

periodontium, in animals and humans. These studies have shown that PDGF can promote bone 

and periodontal regeneration i.e., regeneration of bone, cementum and periodontal ligament 

(PDL). 

Naturally occurring PDGF is contained within the alpha granules of blood 

platelets where it is delivered to sites of injury in the body. Once released from the platelets (or 

when the recombinant protein is applied) it has been shown to establish the normal wound 

healing cascade, to include the directed migration (chemotaxis) and proliferation (mitogenesis) 

of osteoblasts and periodontal ligament fibroblasts with subsequent protein synthesis, or matrix 

production . PDGF also initiates angiogenesis leading to capillary budding into the graft. PDGF 

is also present in bone matrix and is produced locally at fracture sites. [44, 1,8] Further 

suggesting the role of these proteins in normal fracture healing, is the observation that cell 

surface receptors for PDGF are upregulated during fracture healing. [ 1, 301 

Furthermore, in direct comparative in vitro studies, it was found that PDGF had 

improved effects over other growth modulators, including bone morphogenic proteins (BMPs), 

on cell proliferation, migration and protein synthesis. [77] 

6.3.2 Published PDGF Animal Studies 



Numerous animal studies demonstrate the important physiologic role PDGF plays 

in bone regeneration and the effectiveness of rhPDGF-BB in stimulating bone cell recruitment 

(chemotaxis) and prohferation to assist in the regenerative process. The following summary 

points from these published studies provide evidence of PDGF’s role in bone repair: 

(1) Studies with transgenic mice have underscored the 

physiological role of PDGF as essential for bone 

development and regeneration. [ 1, 851 Spontaneous 

deletion of the alpha receptors for PDGF results in 

abnormal development of craniofacial bones and 

vertebrae, demonstrating the importance of PDGF in 

skeletal development; [79f 

PDGF has been shown to have significant effects on 

bone repair in tibiaI osteotomies in rabbits and to 

increase bone density in osteoporotic rodent skeletons. 

[ 63, 59) Systemic administration of rhPDGF-BB in 

ovarectomized rats has been shown to promote 

significant increases in osteoblast cell number, 

trebecular bone volume in both long bones and 

vertebrae, whole skeletal bone mineral density as 

judged by bone density scan, and strength of long bones 

and vertebrae as evaluated by 3-point bending and 

compression, respectively f59); 



(3) The pleotrophic effects of PDGF on both the bone and 

periodontal ligament (PDL) make it well suited for 

enhancing regeneration of all the components of the 

periodontium i.e., the supporting tissues around teeth. 

Several investigators have demonstrated the potent 

effects of PDGF on the proliferative activity of 

periodontal ligament fibroblasts in T&V. PDGF 

stimulates gingival fibroblast hyaluronate synthesis, a 

prerequisite for the formation of large aggregates of 

proteoglycans that provide the lattice for the 

extracellular matrix. [3] The growth factor has also 

been shown to promote periodontal ligament fibroblast 

proliferation beneath expanded polytetrafluorethylene 

(ePTFE) in protected fenestration defects in dogs; [977 

(4) Pre-clinical animal studies by several research groups 

have shown that the implantation of rhPDGF-BB alone 

or a combination of rhPDGF-BB and another growth 

factor, insulin-like growth factor I (IGF-I), has the 

capacity to stimulate new bone, as well as, periodontal 

ligament and cementum formation in periodontal 

lesions in dogs and non-human primates; f50, 51, 32, 

77,691 



(5) Cho and coworkers have shown that the addition of 

rhPDGF-BB to periodontal defects in dogs results in 

substantially greater regeneration than the use of guided 

tissue regeneration alone using ePTFE (Goretex) 

membranes. [ 17,691 No adverse effects were 

observed; 

(6) In other studies in the craniomaxillofacial field of 

study, Lee and coworkers have demonstrated that 

rhPDGF-BB added to a TCP/chitosan sporrge stimulates 

bone fiil in 8mm bone defects in the calvariae of adult 

rats. No adverse effects of the rhPDGF- 

BB/TCP/chitosan treatment were reported; [46] 

(7) Nash and coworkers evaluated the effects of rhPDGF- 

BB on bone healing in tibia1 osteotomies in rabbits. 

The study found that rhPDGF-BB significantly 

enhanced normal bone wound healing in the bony 

environment. No adverse effects were observed; [63 J 

and 

(8) In an example of rhPDCF-BB’s effect on bone 

formation in other skeletal sites, intravenous 

administration of rhPDGF-BB in ovarectomized, 

estrogen-deficient osteoporotic rats has been 

demonstrated to result in increased bone formation in 



both the long bones and vertebrae. [89] The effect of 

rhPDGF-BB was generally equal to or greater than that 

achieved with Fosomax, Merck’s bisphosphonate 

product. 

In conclusion, the extensive pre-clinical literature, including animal studies in 

rats, dogs, miniature pigs, and non-human primates with rhPDGF-BB, demonstrates that 

application of PDGF to general bone defects, periodontal defects, or osteoporotic animals results 

in the filling of bone defects, periodontal regeneration (including new bone, periodontal ligament 

and cementum formation), and improved bone quality. 

6.3.3 Published PDGF Clinica Studies 

Naturally concentrated platelet-derived growth factors have been used clinically 

for the last five years empIoying commercially avaiIable systems to promote bone restoration for 

the treatment of bone voids and &rther support the role of PDGF in bone regeneration. This 

procedure involves the production of platelet-rich plasma [PRP, also referred to as autologous 

platelet gel (APG) after addition of a clotting agent] at the time of the surgical procedure. 

Marx and co-workers recently performed a comprehensive clinical and analytical 

study assessing the mechanism of action and clinical significance of PRP in reconstruction of 

large mandibular discontinuity defects in humans. [53] The investigators confirmed increased 

platelet counts in PRP, increased PDGF and TGF-P concentrations in the PRP gel, and the 

presence of PDGF and TGF-/3 receptors on the surface of cells within iliac crest autografts. 

Furthermore, in an 88 patient human clinical trial they compared the clinical effectiveness of 

particulate iliac crest autograft alone to autograft plus PRP gel, All 88 patients received major 

reconstructive surgery resulting in 5 cm or greater discontinuity defects. The 44 defects treated 
5 



with the PRP/autografi demonstrated increases in both the rate of bone formation and bone 

density as evaluated chnically, radiographically and histologically, compared to the 44 patients 

who received autograft without PRP. 

In a clinical trial evaluating a combination of rhPDGF-BB and rhIGF-I (insulin- 

like growth factor) in 3 8 human subjects possessing bilateral osseous periodontal lesions, 

PDGF/IGF-I treatment (0.15 m@ml of each growth factor), was found to significantly increase 

alveolar bone formation compared to control subjects. No local or systemic safety issues were 

found as result of growth factor administration and no patients developed antibodies to the 

rhPDGF-BB protein. [37] 

In a clinical trial, which was conducted in Brazil in nine human subjects 

possessing intra-osseous and/or furcation periodontal lesions (a total of 1 I defect sites), the 

safety and preliminary effectiveness of rhPDGF-BB (1 .O mg/ml) in bone allograft was evaluated. 

Efficacy data demonstrated a favorable outcome clinically, radiographically and histologically 

following application of the rhPDGF-BB product. The PDGF/allograft treatment was found to 

result in periodontal regeneration, including restoration of bone, cementum, and periodontal 

ligament. No adverse effects of the treatment were reported. [I 31 

In summary, there is an extensive body of scientific publications that support: (1) 

the role and effectiveness of PDGF in stimulating bone cell recruitment (chemotaxis) and 

proliferation to result in bone and periodontal regeneration; and (2) the acceptable safety profile 

of a single application PDGF contained in the GEM 2 1 STM as demonstrated by published clinical 

data on the safe use of PDGF at levels far exceeding the low levels of PDGF contained in 

GEM 2 1 STM. 



6.4 Prior Laboratory Studies 

In addition to the published studies supporting the characteristics of PDGF, 

BioMimetic Pharmaceuticals Inc. independently conducted ,in vitro and animal studies to further 

demonstrate relevant properties of GEM 2 1 S TM. Summaries of these studies are included in the 

following sections. 

6.4.1 Binding and Release 

The purpose of this in vitro study, which was conducted by BioMimetic at the 

Bone Tissue Engineering Center, Institute for Complex Engineered Systems, Carnegie Mellon 

University, Pittsburgh, PA, was to determine the binding and release kinetics of rhPDGF-BB 

(Becaplermin, Chiron Corp.) to various ceramic-based osteoconductive bone substitutes and the 

effectiveness of released rhPDGF-BB upon osteoblastic cell proliferation (bioavailability). 

Surface binding to ceramic materials can be expected to occur in two forms, non-specific ligand 

binding reversible by simple dilution and specific binding of ligands to a surface and interacting 

with competing ligands. Entrapment of molecules in the ceramic substrate will also play a role. 

Both binding and entrapment will determine the rate and magnitude of release of molecules from 

a carrier material. 

The rhPDGF-BB binding and release studies included VitOssTM (OrthoVita, Inc.) 

of the specific size used in GEM 21 SW and the following ceramic bone substitutes for 

comparative purposes: (I) Pro OsteonB 200R (Inter-pore Cross International); (2) ChronOSTM 

(Mathys Medical); and (3) Calceon gTM (Synthes). However, the studies primarily focused on the 

beta tricalcium phosphate (“p-TCP”) based materials, VitOssTM and ChronOSrM. Scanning 

electron microscopy (“SEM”) was conducted on supplied ceramic samples to determine any 

micro- and nano particle differences between the TCP-based materiats. 



Binding Study Methods 

Binding studies were conducted under conditions intended to mimic the clinical 

situation where the surgeon saturates the ceramic bone substitute with a predetermined 

volume of rhPDGF-BB solution prior to placement in the defect during surgery. Binding 

conditions were targeted to minimize manipulation, specialized equipment, time and 

labor in preparation for clinical usage of the device. For all,binding experiments, a 

working volume of 75 UL of rhPDGF-BB (at either 0.2 or 0.5 ms/ml) and 100 uL 

volumes of ceramic bone substitute were used. The rhPDGF-BB was first iodinated (‘251) 

using a standard chloramines-T/sodium metabisulfate oxidation/reduction reaction and 

then the rhPDGF-BB and the ceramic bone substitutes were added to microcentrifuge 

tubes and incubated at 23°C (room temperature). Reactions were then terminated over 

intervals between I and 30 minutes by adding 1 mL of sodium acetate buffer. After 

centrimging and discarding the supematant, bound rhPDGF-BB in the material remaining 

in the microcentrifuge tubes was determined by measuring the radioactivity. 

Additionally, rhPDGF-BB added to microcentrifuge tubes that did not contain ceramic 

bone substitute was processed through the same procedures to assess any binding to the 

microcentrifuge tubes. 

Release Study Methods 

Experiments to determine the rhPDGF-BB release profile were conducted by 

incubating the rhPDGF-BB bound to ceramic bone substitutes in vials containing either 

phosphate buffered saline (PBS) or MEM:Ham’s F12 media containing 10% fetal bovine serum 

and sodium azide. The vials of rhPDGF-BB bound ceramic bone substitutes were subsequently 

incubated at 37°C under a continuous rocking motion. At intervals between 0 and approximately 



50 hours post-incubation, 50 UL aliquots of material were removed from the vials and an 

equivalent volume of PBS or serum media was added as replacement. The abquots of removed 

material were measured for radioactivity. 

Biological Activity Assessment Methods 

The biological activity of the released rhPDGF-BB was determined by application 

of the releasate onto cultured human MG63 osteoblast cells and examination of the uptake of 3H- 

thymidine into newly synthesized DNA. Sterilized samples were incubated with sterile 

preparations of unlabeled rhPDGF-BB. Under aseptic conditions, released rhPDGF-BB from 

bound materials was collected at 30 minutes, 4 hours, and 24 hours. PBS or serum media 

unexposed to rhPDGF-BB was used as baseline controls. The 3H-thymidine incorporation assay 

involved seeding of approximately 2 x 1 O4 cells into microwells containing 0.5 mL 10% serum 

MEM:Ham’s Fl2 media to which antimicrobials were added. Following 48 hours of culture, 

0.5 uCi of 3H-thymidine was added to the microwells and the cultures were incubated for an 

additional 24 hours. After rinsing, fixation and solubilization of cells, samples were counted for 

radioactivity. 

Summary of Results 

For all materials, 0.075 ml of rhPDGF-BB solution completely saturated 0.1 cc of 

bone substitute. RhPDGF-BB bound to all materials examined with maximal binding observed 

within 10 minutes. Between 25-50% of rhPDGF-BB that was originally applied in solution 

remained bound to all materials after washing with sodium acetate buffer. VitOss” and 

ChronOSTM displayed simiIar binding characteristics. Similar binding characteristics were 

observed when binding was performed in vials or in open dishes. Bound rhPDGF-BB was 

released from all materials. VitOssTM and GhronOSTM displayed similar release profiles. For 



VitOssrM in serum containing media, 50% of the rhPDGF-BB was released within 30 minutes, 

over 90% was released by 24 hours and all detectable protein was released in 48 hours. 

Releasates from either PBS or serum conditions stimulated cell proliferation in a similar pattern 

as mass of rhPDGF-BB released from these materials over time. Proliferation of osteoblast-like 

cells increased by 5- to 18-fold when exposed to the rbPDGF-BB releasate Tom VitOssTM. 

Theoretical projection of these in vitro data to in vivo models would indicate a 

bolus release of rhPDGF-BB of about 70% within minutes to hours after implantation of the 

ceramic bone substitute material saturated with a sodium acetate buffer containing rhPDGF-BB. 

This bolus release is followed by release of the remaining 30% over a 2 to 3 day period. The 

rhPDGF-BB released initiaIIy as a bolus as well as the rhPDGF-BB released over the following 

few days would be expected to be biologically active based on these studies. 

A more detailed test report of this study is included, 

6.4.2 Residence Time Study 

A residence time study in rats was conducted using rhPDGF-BB (Becaplermin, 

Chiron Corp.) and demineralized, freeze-dried human allograft bone matrix (DFDBA) and 

VitOssTM (P-TCP). This study was conducted by BioMimetic at the Bone Tissue Engineering 

Center, Institute for CompIex Engineered Systems, Carnegie Mellon University, Pittsburgh, PA. 

The purpose of this study was: (I) to compare the binding of rhPDGF-BB to DFDBA and /3- 

TCP; and (2) to determine the residence time, or release profile, for rhPDGF-BB absorbed to 

either P-TCP or allografi in an in vivo craniofacial bone defect model (skeletally mature rats). 

Binding Study Methods 



For the binding studies rhPDGF-BB was iodinated (1251) with using a standard 

Chloramine - T/sodium metabisulfate oxidation/reduction reaction. VitOs9” /3-TCP-and 

DFDBA were then saturated with of iodinated rhPDGF-BB in sodium acetate buffer and the 

volumes required for saturation were recorded. The combination materials’ radioactivity was 

characterized and implanted in calvarial defects in anesthetized rats. A total of six rats were 

implanted with each test material. Radioactivity at the defect sites was measured at different 

time-point intervals during one week. 

In Viva Residence Time Studv Methods 

A mixture of (‘251)-rhPDGF-BB and unlabeled rhPDGF-BB and P-TCP or 

DFDBA was administered to rats at a concentration of 50,000 cpm/animal. This mixture was 

composed of 0.05 cc of /3-TCP or DFDBA added to 375. UL of a 0.25 mg/mL solution of 

radiolabeled and unlabeled rhPDGF-BB. Cranial defects were surgically created in anesthetized 

rats, the rhPDGF-BB, p-TCP or DFDBA grafts were implanted, and the wounds were closed, 

Radioactivity at the implant sites was measured at different time-point intervals over one week. 

A total of six rats were implanted with each test material. 



ResuIts 
The data demonstrate that on average 45% and 40% of the rhPDGF-BB applied in 

a solution, bound to P-TCP and allograft, respectively. When applied to calvarial defects in rats, 

approximately 95% of the rhPDGF-BB was released from both P-TCP and allografi implant sites 

within 48 hours. Approximately 2-5% of the rhPDGF-BB remained in both groups at one week. 

There were no significant differences between either VitOssm or allograft groups. This study 

demonstrated that the binding and release (residence time) of rhPDGF-BB to P-TCP and 

DFDBA is comparable. 

6.5 Canine Study 

Between September 2001 and March 2003, BioMimetic Pharmaceuticals, Inc. 

sponsored a randomized, control study in canines at the State University of New York, Buffalo, 

New York. The purpose of this study was to assess the periodontal regenerative properties of 1) 

rhPDGF-BB (“PDGF”) in combination with /3-TCP; 2) rhPDGF-BB in combination DFDBA 

(allograft), or 3) DFDBA (allograft) alone. Two (2) separate doses of PDGF, one at 0.3 mg/mL 

and one at 1 .O mg/mL, were evaluated in the study. 

Using a beagle dog model with horizontal Class III fur-cation defects, a model that 

provides for ‘critical size’ defects that would not otherwise heal on their own, fifteen (15) adult 

animals contributed 60 treated defects for the study. Seven treatment .groups received treatment 

according to the experimental design described in the table, below. Treatments were 

histomorphometrically assessed at two and four months for: (1) length of complete new 

attachment apparatus (CNAA); (2) new bone fill (NB); (3) connective tissue fill (CT); and (4) 

void (VO). Specifically, six (6) defects per treatment group were biupsied at two months for a 



total of 42 sites and six defects in treatment groups 1,2, and 3 were biopsied at four months for a 

total of 18 sites All histomorphic assessments were performed blinded to the treatment. 

Table PDGF Canirre Treatment Study Experimental Design 

4.) 6 

P-TCP alone 6 sites at week 8; 
6 sites at week 16 

f!-TCP + 0.3 mg/mL 6 sites at week 8; 
PDGF 6 sites at week 16 

f$-TCP + 1.0 mg/mL 6 sites at week 8; 
PDGF 6 sites at week 16 

DFDBA alone 6 sites at week 8 

DFDBA + 0.3 mghd., 6 sites at week 8 
PDGF 

DFDBA + 1.0 mg/mL 6 sites at week 8 
PDGF 

One-way analysis ofvariance was used to test for overall difference among 

treatment groups, and pairwise comparisons were made using the Student’s t-test. The following 

significant differences between groups were found at the two-month assessment point: 

0 /3-TCP, when combined with rhPDGF-BB for the 

treatment of periodontal bone loss, resulted in 

greater periodontal regeneration than current 

products or procedures, B-TCP alone, bone allograft 

or periodontal surgery without grafts. Of note is that 

P-TCP with 0.3 mg/ml PDGF was significantly 

better than the current gold standard of DFDBA. 



* The 0.3 mglml concentration ofrhPDGF was at 

least equally as effective as the 1 .O mg/ml 

concentration when mixed with P-TCP. 

l P-TCP was more effective than allograft when 

mixed with rhPDGF-BB. 

l The new bone matured (remodeled) normally over 

time (O-8-1 6 weeks) in all groups tested at these 

time points. There was no increase in ankylosis or 

root resorption in the rhPDGF groups. Sites 

receiving rhPDGF-BB exhibited improved healing 

as shown by a decrease in ankylosis vs. control 

sites. This finding may result from the fact that 

rhPDGF-BB is mitogenic and chembtactic for 

periodontal ligament cells. 

At the four-month assessment point, which only included treatment groups 1,2 

and 3, there remained significant differences in periodontal regeneration. The following 

observations were made: 

l P-TCP alone, as a result of extensive ankylosis, 

resulted in 36% regeneration, while the sites treated 

with j$TCP containing rhPDGF-BB had a mean 

regeneration of 58% and 49% in the 0.3 and 1 .O 

mg/ml rhPDGF-BB concentrations; and 



0 Substantial bone fill was present in all three 

treatment groups. fi-TCP alone resulted in 70% 

bone fill, p-TCP plus 0.3 mg/ml rhPDGF yielded 

100% fill while the 1 .O mg/ml rhPDGF group had 

75% fill. 

A detailed study report is attached. This study also was submitted to FDA on 

May 5,2003 as a supplement to IDE GO1 0340 in support of a protocol change to use the 

0.3 mg/ml concentration as the primary endpoint. The supplement was approved on May 19, 

2003 1 

6.6 Biocompatibility Studies 

FDA’s clearance or approval of each of the individual components of 

GEM 21 STM (VitOss and Becaplermin) demonstrates that these products are biocompatible. 

They also have a history of safe clinical use. An overview of the established safety and 

biocompatibility of VitOss and Becaplermin was provided in an Expert Report submitted in 

support of the GEM 21 STM European Technical Dossier for CE Marking. A copy of that Expert 

Report is included. To confirm that the combination of these components is biocompatible, 

BioMimetic conducted biocompatibility testing of GEM 21 STM consistent with the standard IS0 

10993-l : 1997 “Biological evaluation of medical devices - Part 1: Evaluation and testing 

Evaluation and testing”. All studies were conducted in accordance with Good Laboratory 

Practices (GLP) and included the specific tests listed in the table, below. The biocompatibility 

studies were conducted with a combination of Becaplermin (1 mg/rnL 20 mM NaAc Buffer) and 

VitOss-Scaffold (ratio 1mL:l g) and have performed acceptably. Complete test reports are 

attached. 



Table. Biocompatibility tests with GEM 21STM (VitOss and Becaplermin) 

IS0 10993- 
3:1992 

[SO 10993- 
3:1992 

KS0 10993- 
5:1999 

IS0 10993- 
6:1994 

IS0 10993- 
10.1995 

IS0 10993- 
IO:1995 

IS0 10993- 
11:1995 

Genotoxicity: Bacterial 
reverse mutation study 
(Saline Extract) 

Genotoxicity: Bacterial 
reverse mutation study 
(DMSO Extract) 

Cytotoxicity study using 
the IS0 elution method (1 
X MEM Extract) 

IS0 muscle implantation 
study in the rabbit with 
histopathology (Surgical 
method, 4 weeks) 

IS0 sensitization study in 
the guinea pig 
(Maximization method) 

IS0 acute intracutaneous 
reactivity study in the 
rabbit (extracts) 

IS0 acute systemic toxicity 
study in the mouse 
(Extracts) 

NAMSA 

NAMSA 

NAMSA 

NAMSA 

NAMSA 

NAMSA 

NAMSA 

VOO23-211 l/14/02 
I 

VOO23-212 l/14/02 

VOOl4-130 I /3/02 

7.7.6 

1. NAMSA Lab No: OIT 15267 00, Northwood, Ohio. 

The results of individual studies for GEM 21 STM containing Becaplermin (PDGF) 

and the VitOss p-TCP are summarized below: 

(1) In vitro Genotoxicitv: Bacterial Reverse Mutation (Ames) test, 

Salmonella and E. coli strains, saline and DMSO extra@. Both extracts 

were considered to be nonmutagenic to Salmonella and E. coli strains. 

(2) Sensitization in 15 Guinea Pips; sahne and cottonseed oil (CSO) extracts - 

Saline and cottonseed oil extracts from the device were individually 



(3) 

(4) 

injected intradermally into guinea pigs and occlusively patched. 

Following a recovery period, a chaIIenge patch was placed. The sites Were 

evaluated at 24 to 96 hours. No evidence of delayed dermaI contact 

sensitization was observed for either extract; 

Irz vitro Cvtotoxicitv, MEN elution -An extract of P-TCP and 

Becaplermin (PDGF) was made using minimal essential medium, and 

flowed over a confIuent monolayer of mouse frbroblasts. The confluency 

of the monolayer, percent lysis, and cehular characteristics were analyzed 

to determine potential cytotoxicity. The 1X MEM test extract showed 

mild or no evidence of causing mild cell lysis or toxicity. The 1X MEM 

test extracts met the requirements of the test since all samples had a 

biological response of less than or equal to grade 2 (mild reactivity). The 

pH of the test medium was similar to the negative control medium at 48 

hours; 

Intracutaneous reactivitv in three rabbits, per extract, saline and cottonseed 

oil extracts- Saline and cottonseed oil extracts from the device were 

compared to blank vehicles, for erythema and edema in the rabbit. There 

was no evidence of significant irritation or toxicity from the extracts 

injected intracutaneously into the rabbits. There was evidence of slight 

irritation from the 0.9% sodium chloride USP solution injected 

intracutaneously into rabbits. The Primary Irritation Index 

Characterization for the cottonseed oil was negligible and slight for saline. 

The test animals injected with CSO appeared ungroomed 4 and 24 hours 



after dosing, while the control animals injected with CSO appeared 

ungroomed 24 hours after dosing. This was considered an expected effect 

due to the unctuous nature of the extract. All other animals appeared 

clinically normal throughout the study; 

(5) Acute systemic toxicity in five mice, per extract, saline and cottonseed oil 

extracts - Saline and cottonseed oil extracts from the device were injected 

intravenously or intraperitoneally in mice. Under the conditions of this 

study, there was no mortality or evidence of systemic toxicity from the 

extracts. Each test article met the test requirements; and 

(6) Muscle Implantation Study in the Rabbit - The test article was prepared 

and then was surgically implanted in muscle tissue of the rabbit. The 

muscle tissue was evaluated for evidence of irritation or toxicity. Under 

the conditions of this study, the macroscopic reaction was not significant 

as compared to the comparative control material and not significant as 

compared to the USP negative control implant material. Microscopically, 

the test article was classified as a non-irritant as compared to the 

comparative control material and a slight irritant as compared to the USP 
* 

negative control article. Additionally, the comparative control was 

considered a slight irritant as compared to the USP negative control 

article. 

The biocompatibility studies described above demonstrate the biocompatibility of 

GEM 21STM. There was no evidence of mutagenicity, delayed dermal contact sensitization, 

systemic toxicity or mortality, and only sight to mild reactivity and irritation in these studies. 



BioMimetic also demonstrated the biocompatibihty of /3-TCP in combination 

with PDGF using another commercially available P-TCP source, ChronOS” (Mathys Medical). 

Test reports demonstrating the biocompatibihty of the combination ChronOS P-TCP material, 

which were included in the Company’s IDE (GOI 0340), are incorporated by reference in this 

PMA application. The biocompatibility of the P-TCP/Becaplermin combination provides further 

evidence of the biocompatibilty of GEM 21 STM’ s P-TCP/Becaplerrnin combination. 

Furthermore, P-TCP has been used clinically for more than years with no 

published unfavorable adverse responses. Becaplermin gel (RegranexB, has been FDA 

approved for nearly four years for at least 140 daily applications (20 weeks) to surgically excised 

wounds that extend into the subcutaneous tissue or beyond in the lower extremities of diabetics. 

PDGF is a natural endogenous protein that lacks genotoxic potential. 

Additionally, it has a very low degree of absorption and a short half-life in plasma. [42]. When 

administered topically onto surgically excised wounds or subgingivally in periodontal defects, 

BecapIermin (PDGF) is quickly cleared (half-life of about four hours) and has an insignificant 

effect on endogenous pIasma PDGF concentrations. [42,5 I] For these reasons, Becaplermin is 

not considered to be a potential reproductive toxin or a systemic carcinogen. Thus, 

carcinogenicity testing was not conducted on GEM 21 STM. 

In summary, the extensive published data on the safety of VitOss and 

Becaplermin coupled with the IS0 10993 testing conducted by BioMimetic on the combination 

of these components demonstrate that GEM 2 1 STM is toxicologically safe and biocompatible. 

GLP Statement 



All biocompatibility testing described in this submission was conducted in full 

compliance with FDA’s Good Laboratory Practice regulations, 21 C.F.R. Part 58. Certificates of 

quality assurance inspections conducted by the testing laboratory were included with each test 

report issued to BioMimetic Pharmaceuticals, Inc. 





GEM 21 SM (/3-TCP PLUSHY) 
SUMMARY REVIEW: CANINE SAFETY & EFFECTWENESS STUDY 
Study No. BMPI 2003-004; Dated: April 28,2003 

PERIODONTAL REGENERATION WITH PDGF 
TREATED Osf mxxNoucTIvE SCAFFOLDS 

EXECUTIVE SUMMARY 

A randomized, control study in canines where the assessors were biinded was performed to determine the 
safety and effectiveness of two (2) separate doses of PDGF when used in conjunction with either P-TCP or 
allograft (“gold standard”). Fifteen adult beagle dogs contributed 60 treated defects using a recognized and 
standard model in seven (7) treatment groups. Treatment was assessed at 8 and 16 weeks. 

This model provides for ‘critical size’ defects that would not otherwise heal on their own. 

The results showed that P-TCP, when combined with PDGF, provided significantly better bone regeneration 
than altograft alone, the current gold standard. Atso of significance was that p-TCP was more effective than 
altograft when combined with PDGF. It was found that the concentration of PDGF (0.3mg/ml and 1 .Omg/ml) 
was equally effective when mixed with P-TCP. Finally, healing in the P-TCP + PDGF group was significantly 
improved in that the per cent connective tissue formed in these groups (scar) was eliminated (‘0’). 

1. Study Dates 
The study was conducted between September 2001 and March 2003. 

Il. Key Personnel/ Dates of Service/ Hours on Project 

The Principal Investigator was: Sam&l E. Lynch, D.M.D., D-M.%. 
President, BioMimetic Pharmaceuticals, Inc. 

Histologic Expert and Consultant: Professor Robert Schenk 
University of Berne 
Berne, Switzerland 

Co-Investigators in the study were the following: 
Dr. Rosemary Dxiak 
State University of NY at Buffalo, Buffalo, NY 

Dr. Robert Genco 
Siate University of NY at Buffato, Buffalo, NY 

Dr. Moon ll Cho 
State University of NY at Buffalo, Buffalo, NY 

Dr. Sebestiano Adreanna 
State University of NY at Buffalo, Buffaio, NY 
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GEM 21STM (p-TCP PLUSHY) 
SUMMARY REVIEW: CANINE SAFETY & EFFECTIVENESS STUDY 
Study No. BMPI 2003-004; Dated: April 28,2003 

Ill. Specific Aims 

The hypothesis of the present study was that rhPDGF-BB treatment of osteoconductive matrices, like p-TCP or 
DFDBA, will enhance the periodontal regenerative properties of these osteoconductive materials. The specific aims 
of the present study were to determine: 

1. if J3-TCP or DFDBA to which rhPDGF-BB has been adsorbed, promotes greater periodontal regeneration in 
the beagle dog animal model than unmodified p-TCP or DFDBA. 

2. the concentration of rhPDGF-BB that, when added to P-TCP or DFDBA,+stimulates the greatest aniount of 
periodontat regeneration in the beagle dog animal model. 

3. if any abnormal responses occur in periodontal defects particufarly as it relates to healing as a rest& of the 
rhPDGF-BB treated fi-TCP or DFDBA. 

All three specific aims of this project were accomplished simultaneously using the beagle dog model with horizontal 
Class 111 furcation defects as previously conducted and described by Cho and Wikesjo in their studies on the effect 
of rhPDGF or BMP respectively (Park et al, 1995; Wikesjo et al, 1994). Fifteen adult beagle dogs contributed 60 
treated defects. 

IV. Treatment and Controt Groups 

Defects received either: 

1. @TCP (VitOss*) 
2. p-TCP (VitOss@) plus rhPDGF-BB (0.3 mg/ml rhPDGF-BB) 
3. P-TCP (VitOss@‘) plus rhPDGF-BB (1 .O mg/ml rhPDGF-BB) 
4. Dog DFDBA 
5. Dog DFDBA plus rhPDGF-BB (0.3 mglml rhPDGF-BB) 
6. Dog DFDBA plus rhPDGF-BB (I .O mg/ml rhPDGF-BB) 
7. Sham surgery (treated by open flap debridement only, no graft) 

Six (6) defects per treatment group were biopsied at two months (42 total sites). In addition, six defects in treatment 
groups 1,2 and 3 were biopsied at four months (18 total sites). 

TABLE 1. EXPERIMENTAL DESIGN 
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GEM 21STM (j3-TCP PLUSHY) 
SUMMARY REVIEW: CANINE SAFETY & EFFECTIVENESS STUDY 
Study No. BMPI 2003-004; Dated: April Z&3,2003 

Accordingly, at 8 weeks there are 7 groups divided among 42 sites in 11 dogs. At 16 weeks, there are 3 groups 
divided among 18 sites in 4 dogs. 

All forty-two (42) biopsy specimens obtained two months following treatment were evafuable while t 5 of 18 biopsy 
specimens obtained four months post-surgical were evaluable. One specimen was lost due to, difficulties 
encountered during processing and two were not evaluable due to infection that was present. 

V. Analyses 
Histomorphometric analyses were performed on the blinded slides by Professor Schenk and Dr. Lynch. The 
following parameters were assessed: 

a) Length of Complete New Attachment Apparatus (CNAA): 
Periodontal regeneration measured as the distance between the coronal level of the old bone and the 
coronal level of the new bone, including only that new bone adjacent to new cementum with functionally 
oriented periodontal ligament between the new bone and new cementum. 

b) New Bone Fill (NB): 
Measured as the cross-sectional area of new bone formed within the furcation. 

c) Connective Tissue Fill (CT): 
Measured as the area within the furcation occupied by fibrous connective tissue. 

d) Void (VO): 
The area of recession where there is an absence of tissue. 

VI. Results 

A. Clinical Observations 
Clinically, all sites healed well. There was qualitative evidence that the sites treated with rhPDGF-BB healed more 
quickly, as indicated by the presence of firm, pink gingivae within one week post-operatively. However, no 
quantitative measurements of healing were obtained. There were no adverse events experienced in any treatment 
group as assessed by visual inspection of the treated sites. Upon clinical observation, there appeared to be 
increased gingival recession in groups that received 8-TCP or DFDBA alone. ’ 

6. tiistomortlhometric Observations: 
Histomorphometric assessment of the length of new cementum, new bone and new periodontal ligament (CNAA) as 
well as new bone fill, connective tissue fill (scar formation) and void space were evaluated and are expressed as 
percentages. In the case of CNAA, values for each test group represent the CNAA measurements (length in mm)/ 
total available CNAA length fin mm) x 100%. Bone fill, connective tissue fill and void space were evaluated and are 
expressed as percentages of the total furcation defect area. 

One-way analysis of variance (ANOVA) was used to test for overall differences among treatment groups, and pair 
wise comparisons were made using the Student’s t-test. Significant differences between groups were found upon 
analyses of the coded slides. Table 2 shows the results at two months. 
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GEM 21SSM (p-TCP Pluses) 
SUMMARY REVIEW CANINE SAFETY & EFFECTIVENESS STUDY 
Study No. BMPI 2003-004; Dated: Aprif 28,2003 

TABLE 2. Two MONTH HISTOMETRIC ANALYSES 

I p-TCP alone 

P-TCP + 0.3 mg/ml 
rhPDGF 

b-TCP + 1 .O mg/ml 
rhPDGF 

DFDBA alone 

DFDBA + 0.3 mg/ml 
rhPDGF 

6 
DFDBA + I .O mg/ml 
rhPDGF 

Sham Surgery, 
no graft 

6.0 -t- 8.9 26.0 -r- 19.5 

20.0 -+ 28.7 36.0 -t 13.4 

46.0 r?: 23.0 26.0 2 5.48 
f 

34.0 zr 27.0 48.0 k35.64 

I 
0.0 t 0.0 46.0 r?r 12,3 

* 

10.0 rt 27.4 rc_ 15.0 
22.4 

$ GROUPS 2 AND 3 SIGNIFICANTLY GREATER THAN @=iOUPS I,4 AND 7. 
* (.-%OUPS 2 AND 3 SIGNIFICANTLY GREATER (FW0.05) 7HAN GROUPS 4 7. AND 
+ GROUPS 2 AND 3 SIGNIFICANTLY LESS (Pc0.05) THAN GROUPS 4,5,6 AND 7 
** GROUP j SIGNIFICANTLY GREATER (P<0.05) THAN GROUP 4. 
j- GROUP 2 SIGNIFICANTLY GREATER (Pc0.05) THAN GROUP 5. 
f GROUP 6 SIGNIFICANTLY GREATER THAN GROUP 4. 

The mean percent periodontal regeneration (CNAA) in the surgery without grafts and surgery plus 6-TCP alone 
groups were 27.4% and 37%, respectively. In contrast, f3-TCP groups containing rhPDGF-BB exhibited significantly 
greater periodontal regeneration (p-zO.05) than surgery without grafts or DFDBA alone, groups (59% and 46% 
respectively for the 0.3 and f .O mgirmf concentrations versus 27% for surgery alone and 13% for DFDBA alone). 
The groups containing 0.3 mg/ml rhPDGF-BB + p-TCP demonstrated significantfy greater periodontal regeneration 
(pt0.05) than the same concentration of rhPDGF-BB groups combined with allograft (59% versus 21.5%). 

Bone fill was significantly greater (p-=0.05) in the p-TCP -t 0.3 mg/ml rhPDGF-BB (84.0%) and the P-TCP -r- 1.0 
mg/ml rhPDGF-BB (74.2%) groups than in the p-TCP alone (28.0%), surgery alone (34%) or DFDBA atone (6%) 
treatment groups. There was also significantly greater bone fill (p<O.O5) for fhe p-TCP + 0.3 mg/ml rhPDGF-BB 
group compared to the DFDBA + 0.3 mg/ml rhPDGF-BB group (84% and 20% respectively). 
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pTCP + 0.3 mglml rhPDGF43B vs. DFDBA: 

l------ 

Two Month Histumetric Analysis 
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GEM 21STM (8-TCP PLUSHY) 
SUMMARY REVIEW: CANINE SAFETY & EFFECTIVENESS STUDY 
Study No. BMPI 2003-004; Dated: April 28, 2003 

The group of analyses examining the 8-week data from 
the DFDBA groups (Groups 4,5 and 6) and the surgery 
alone group (Group 7) demonstrated no statistically 
significant differences between the DFDBA groups and 
surgery alone for periodontal regeneration (CNAA). There 
was a trend toward greater regeneration for those sites 
treated with the 1 .Omg/ml rhPDGF-BB enhanced DFDBA 
versus DFDBA alone. There was significantly greater 
bone fill (p-=0.05) for sites treated with DFDBA -t 1 .O mg/mi 
rhPDGF-BB than DFDBA alone (46 and 6% respectively), 
There was a trend toward greater bone fill for sites treated 
with DFDBA containing 0.3 mg/ml rhPDGF-BB compared 
to DFDBA alone or surgery alone. However, sites treated 
with DFDBA alone demonstrated less bone fill into the 

Fig 2 
of gingival (soft) connective tissue. 

defect than surgery alone (6 and 34% respectively), with 
most of the defect being devoid of any fill or fill consisting 

A comparison between results obtained 8 weeks post-surgical for the low dose rhPDGF-BB enhanced f3-TCP and 
DFDBA alone are shown in Figure 2. These results show that rhPDGF-BE3 enhanced f.5TCP yielded significantly 
greater percent bone fill as well as periodontal regeneration than DFDBA alone, currently the most widely utilized 
material in clinical practice. 

At four months following treatment, there remained significant differences in periodontal regeneration. 8-TCP 
alone, as a result of extensive ankylosis, resulted in 36% regeneration, while the sites treated with 8-TCP containing 
rhPDGF-BB had a mean regeneration of 58% and 49% in the 0.3 and 1.0 mg/mI rhPDGF-BB concentrations. 
Substantial bone fill was present in all three treatment groups. /3-TCP alone resulted in 70% bone fill, /3-TCP plus 
0.3 mg/ml rhPDGF yielded 100% fill’while the 1 .O mglml rhPDGF group had 75% fill. 

C. Histopatholoav Observations: 

Representative photomicrographs are shown in 
Figures 3,4, and 5. Figure 3A shows results from a 
site treated with surgery alone (no grafts). This 
specimen demonstrates limited pe.riodontal 
regeneration [new bone (JIB), new cementum (NC) 
and periodontal ligament (PDL)] as evidenced in 
the area of the notches and extending a short 
distance coronally {arrows). Where regeneration is 
observed, the PDL is primarily of the type shown in 
Figure 3B, consisting of a fairly regular width of, 
approximately 7 00 urn with good vascularity but 
loosely arranged somewhat irregularly oriented 
collagen fibers. The area of the furcation is 
occupied primarily by fibrous connective tissue 
(CT) with minimal new bone formation. Where new 
bone formation has occurred it is often in direcf contact with the root surface 

. Fig 3A (ankylosis), 
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For sites treated with j3-TCP alone (Figure 4A) there is periodontal regeneration 
extending from the base of the notches for a short distance coronal@ (arrows). As 
was seen in the surgery alone specimens, minimal new bone formation was 
observed with the greatest area of the furcation being occupied by fibrous 
connective tissue. Periodontal regeneration that occurred resembled that obtained 
in the surgery alone specimen with little new cementum and a loosely organized 
PDL adjacent to new bone. 

In contrast, Figure 4B illustrates results obtained for sites treated with f3-TCP + 0.3 
mg/ml rhPDGF-BB. Significant periodontal regeneration is shown with new bone, 
new cementum, and periodontal ligament extending along the entire surface of the 
furcation (arrow at the base of one notch to the arrow at the base of the notch in the 
second root). Additionally, the area of the furcation is filled with new bone that 
extends the entire distance to the fornix of the furcation. The PDL space exhibits 
remarkably consistent width and vascularity although the collagen fibers within the 
coronal portion of the PDL space appear more loosely organized and more 
irregularly oriented than those at the apical portion of the PDL space. This finding 
may be the result of cells within the coronal portion of the PDL being less well 
differentiated than those at the apical portion of the PDL at this relatively early time 
point. 

Representative results for sites treated with B-TCP + 
1 .O mg/ml rhPDGF-BB are shown in Figure 4C. 
While there is significant periodontal regeneration 
(arrows), it does not extend along the entire surface Fig 46 
of the furcation. There is significant new bone formation within the furcation with 
fibrous connective tissue at the coronal portion of the defect. A small space which is 
void of any tissue (VO) at the fornix of the furcation is also observed. A higher 
magnification of the outlined area demonstrating periodontal regeneration is shown 
in Figure 4D. This area clearly demonstrates new bone and new cementum with 
perpendicularly oriented inserting collagen fibers. 

Degradation of /3-TCP occurs through processes of 
both dissolution and cell mediated degradation. High 
power magnifications of the cell mediated process 
may be seen in Figures 4E and F, representing 
specimens obtained from sites treated with 

:P. In Figure 4E the rather dense P-TCP particles 
ally dissolved and penetrated by capillaries (cap), 
ages (M0). A hiaher bower of the area outlined in this 

figure is shown in 
Figure 4F. The 
capillaries, fibroblasts, 
macrophages and a 
single giant cell are 
easily observed. The 
giant cell (GC) (to the 
left of the center) is load 
there are heavily loaded 

ed with P-TCP granules and 
macrophages to the right. 

Fig 4F 
Page 6 of 9 
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Finally, there were also f3-TCP granuies observed within newly formed bone matrix, in the rhPDGF-BB enhanced 
8-TCP treatment groups. A representative photomicrograph demonstrating this finding is shown in Figure 4G. The 
p-TCP granules are easily observed throughout the calcified matrix adjacent to fully enclosed osteocytes (oc). 
These findings clearly illustrate the biocompatibility of the growth factor enhanced L 
f3-TCP. - . 

Figures 5A, B and C 
illustrate results GAL $.?- -,’ :: - * G9 
obtained for the 

;;p ‘: 

* 
e - “i;” I&? >;$p 

allograft (DFDBA) Fig 4b 
treatment groups. Representative results for the 
DFDBA alone group (Figure 5A) shows poor 
periodontal regeneration that is limited to the area of 
the notches (arrows) extending only slightly in a 
coronal direction. New bone formation is limited and 
is surrounded by extensive fibrous connective tissue 
that extends coronal/y to fill a significant area within 
the furcation. Finally, a large void space extends from 
the coronal surface of the fibrous connective tissue to 
the fornix of the furcation. 

Histologic results for the DFDBA + 0.3 and 1 .O mg/ml 
rhPDGF-BB are shown in Figures 56 and C, 

respectively. Both groups demonstrate greater periodontal regeneration, compared to DFDBA alone, that extends 
from the base of the notches in the roots for a short distance coronaity (arrows). They also had greater bone fill 
within the area of the furcation, although there was significant fill of the furcation with fibrous connective tissue. 

Figure 5D is a higher power representative 
photomicrograph for the DFDBA alone treatment 
group. The figure shows DFDBA lined by osteoblasts 
(ob) with new bone (NB) deposited along the surface 
of the particle. Note the presence of fibrous 
connective tissue (CT) surrounding the particles. This 
particular specimen also demonstrates a finding 
repotted previously (Buser et al., 1998) showing 
recalcification of an atiograft particle. This is seen in 
the “stippled” area of the matrix that is B result of 
discrete spherical apatite-depositions around former 
canaliculi. 

16-weeks Post-suraical: 
Evaluation of specimens at sixteen weeks was 
performed, primarily, in order to assess the long-term 

\\\OC - 8081510001 - 1895013 Vl ~~~~ 

Fig SC Fig 5D 

Page 7 of 9 



GEM 21 STM (P-TCP PLUSH”) 
SUMMARY REVIEW: CANINE SAFETY & EFFECTIVENESS STUDY 
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effects of growth factor treatment. Since previous studies (Park et al, 1995) have shown that there may be 
substantial spontaneous healing of osseous defects in the dog model at this time point, treatment groups evaluated 
in this study included 8-TCP alone or in combination with 0.3 and 1 .O mg/mt rhPDGF-65. In all treatment groups, 
the bone underwent normal remodeling events progressing from the woven type bone observed in the 8-week 
specimens to bone that is more lamellar in appearance in the 16-week specimens. 

A representative photomicrograph for the f3-TCP alone treatment group is shown in Figure 6A. As was seen in the 
8-week specimens for this treatment group, 
periodontal regeneration is limited primarily to the 
area of the root notches (arrows). There is increased 
bone formation in the area of the furcation, compared 
to the 8-week time point, but there continues to be a 
large area within the furcation that is occupied by 
fibrous connective tissue. Additionally, there is 
significant ankylosis present along much of the 
surface of the furcation, with direct contact between 
new bone and the root surface (lines). An area of root 
resorption may be observed at the area of the fornix of 
the furcation. 

Fig 6A Fig 6B 

A representative photomicrograph for the f3-TCP + 0.3 
mg/ml rhPDGF-BB is shown in Figure 6B. There is 
periodontal regeneration present that extends from 
the base of the root notches along most of the surface 

of the furcation {arrows). There is a smafl area of ankylosis present in the area of the fornix of the furcation (fines). 
An area of the periodontal ligament space that is wider in appearance (upper box) than adjacent periodontal 
ligament space is observed along the superior extent of the furcation. The area appears to have undergone some 
remodeling, leading to a widened space. This appears to be a function of the dog model as there is an area (lower 
box) apical to the level of the original defect that also indicates evidence of spontaneous root resorption. 
Additionally, evidence of isolated root resorption was observed in the photomicrograph for the sham surgery and 
8-TCP alone treatment groups at 8 and 16 weeks (8-TCP aione). Therefore, in the absence of additional areas of 
evidence of root resorption, a single area within the site of treatment may be considered normal in this animal 
model. 

Finally, Figure 6C shows a representative photomicrograph for the 8-TCP + 1 .O 
mg/ml rh PDGF-BB treatment group. Again, there is evidence of periodontal 
regeneration extending from the notches in a coronal direction (arrows). There is 
less bone filf into the area of the furcation than was observed for the lower dose 
(0.3 mg/ml rhPDGF-BB) treatment group, with more of the area being occupied by 
fibrous connective tissue. There is ankylosis present at the fornix of the fur-cation 
extending apicalty for a short distance (lines). Within this region there are two 
small areas (boxes) indicative of root resorption. As was true in the 0.3 mg/ml 
rhPDGF-BB treatment group, there was no increase in root resorption in this 
treatment group over that observed for the f3-TCP alone treatment group. 

Page 8 of 9 
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Vlf. Conclusions 

It can be concluded from this study that: 

1. P-TCP, when combined with rhPDGF-BB for the treatment of periodontal bone loss, resulted in greater 
periodontal regeneration than current products or procedures, P-TCP alone, bone allograft or periodontal 
surgery without grafts. Of note is that P-TCP with 0.3 mg/ml PDGF was significantly better than the current 
gold standard of DFDBA. 

2. The 0.3 mg/ml concentration of rhPDGF was at least equally as effective as the 1 .O mg/ml concentration 
when mixed with @TCP. 

3. 8-TCP was more effective than allograft when mixed with rhPDGF-BB. 

4. The new bone matured (remodeled) normally over time (078-16 weeks) in all groups. There was no 
increase in ankylosis or root resorption in the rhPDGF groups. Sites receiving rhPDGF-BB exhibited 
improved healing as shown by a decrease in ankylosis vs. control sites. This finding may result from the 
fact that rhPDGF-66 is mitogenic and chemotactic for periodontal ligament cells. 

Page 9 of 9 
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I. INTRODUCTION 

Recombinant human platelet-derived growth factor-BB, rhPDGF-BB or PDGF, has 
been shown to facilitate wound healing and bone regeneration in both animals and 
humans. It is approved in both the US and EU for chronic, repeated human use in 
topical applications to heal recalcitrant diabetic foot sores. PDGF has also been shown 
to be effective either singly or in combination with other growth factors for improving 
periodontal regeneration, i.e., regrowth. of bone, cementurn and ligament around teeth. 

The synthetic bone matrix beta tricalcium phosphate (P-TCP or VitOss’) and 
demineralized tieeze dried bone allografi (DFDBA) have aIso been shown to enhance 
bone regeneration in both animal models and in humans. P-TCP and DFDBA are 
considered osteoconductive materials in that they facilitate bone regeneration 
principally by providing a physical scaffold that facilitates clot stabilization and 
ingrowth of bone forming cells. Both materials are marketed in the US and EU for use 
in humans to treat bone defects in non-weight bearing applications. DFDBA in 
particular is currently considered a “gold standard” by clinicians for the treatment of 
bone and periodontal defects. 

Recent studies on the utility of a PDGF+P-TCP system have demonstrated that PDGF 
can be adsorbed to p-TCP and DFDBA and that the growth factor is released in vitro 
and in vivo. Addition of PDGF to p-TCP or DFDBA has been shown to enhance in 
v&o osteobjlast cell attachment and proliferation compared to untreated p-TCP or 
DFDBA. 

As a result, a randomized, controlled study in canines where the assessors were 
blinded was performed to determine the safety and effativeness of two separate doses 
of PDGF when used in conjunction with /3-TCP. 

IX. PURPOSE 

The hypothesis of the present study was that PDGF treatment used in conjunction with 
p-TCP (modern, synthetic bone void filler) or DFDBA (allograft “gold standard”) will 
enhance the periodontal regenerative properties of these osteoconductive materials. 
The specific aims of the present study were to determine: 

1. if p-TCP or DFDBA to which PDGF has been adsorbed, promotes greater 
periodontal regeneratian in the beagle dog animal model than unmodified p-TCP 
or DFDBA. 
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III, 

IV. 

V. 

VI. 

2. the concentration of PDGF that, when added to P-TCP or DFDBA, provides the 
greatest amount of periodontal regeneration in the beagle dog animal model. 

3, if any abnormal responses; i.e., safety concerns, occur in periodontal defects 
particuIarIy as it relates to healing as a result of the PDGF impregnated into p-TCP 
or DFDBA. 

STUDYSITE 

The study was conducted at the following iocations: 
1. BioMirnetic Pharmaceuticals, Inc., Franklin, TN 
2. State University of NY at Buffalo, Buffalo, NY 
3. University of Bern, Bern, Switzerland 

The study was IACUC approved. The animal welfare assurance number was 
A3354-0 I. 

STUDYDIRECTOR 

The Study Director was: Samuel E. Lynch, D.M.D., D.M.Sc. 
BioMirnetic Pharmaceuticals, Inc. 

Investigators in the study were the following: 
Primary Investigator, State U of NY, Buffalo, NY 

Dr. Rosemary Dziak 
Co-investigators, State U of NY, Buffalo, NY 

Dr. Robert Genco 
Dr. Moon II Gho 
Dr. Sebestiano Adreanna 

Primary Investigator (Histopathology), University of Bern, Bern Switzerland 
Dr. Robert Schenk 

STUDYDATES 

The “in life” portion of the study was conducted between January 2002 and January 
2003. Histopathological analyses were completed in March 2003. 

MATERIALS AND IMETH~D~ 

A. IWaterials Utilized: Test and Control Articles 

The P-TCp (VitOss*) was supphed by OrthoVita, Inc., Malvem, PA and utilized a 
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unique particle-size (0.35 mm - 1-O mm) optimized for periodontal use. VitOss@ is 
OrthoVita tradename for its synthetic, porous,.osteoconductive, biocompatible, 
resorbable bone replacement device that conforms to ASTM Standard F 1088- 
87/92. VitOss@ has been reported to be 80% resorbed within three months in the 
dog and replaced by autologous bone during the healing process- VitOss’@ has 
been cleared for use in humans by the FDA (K994337) as a bone void filler for use 
in skeletal defects. For the purpose of this study, material otherwise identical to 
commercial materials that met all applicable FDA standards were employed. 

The DFDBA was supplied by Musculoskeletal Transplant Foundation (MTF). 
The material was dog allog& in order to minimize immunological response. It 
was made from the bones of a single dog that was killed folltowing completion o-f 
another study that tested a surgical procedure. that was deemed to have no effect on 
skeletal tissues and was processed in the same manner as human DFDBA in order 
to be representative of human material. 

PDGF was supplied by BioMimetic Pharmaceuticals and was manufactured by 
Chiron, Inc, the only supplier of FDA-approved PDGF for human use. This PDGF 
was approved by the FDA as a wound healing product under the trade name of 
Regranex@ and the materials employed in this study were from the same lots as 
those used in humans. 

An agreement is in place between BioMimetics and Chiron Corporation for the 
supply of only clinical grade PDGF. This agreement between BioMimetics and 
Chiron assures that the PDGF will be of a quality that meets FDA standards and 
will be available for the proposed studies as well as future studies. 

The test materials were supplied by the sponsor in a kit containing: 

1. PDGF 
Syringes containing OS ml of sterile PDGF at two separate 
concentrations prepared in conformance with FDA standards for human 
materials and according to current applicable Good Manufacturing 
Processes (cGMP). Concentrations tested included 0.3 mg/ml and 1 .O 
mg/ml. 

2. p-TCP (VitGss’) 
Vials containing OS cc of sterile particles, or 

3. DFDBA 
2.0 ml syringes containing 1 .O cc of sterile, demineralized freeze-dried 
dog bone allograft 
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The mean percent periodontal regeneration (CNAA) in the surgery without grafts 
and surgery pIus P-TCP alone groups were 27.4% and 37%, respectively. In 
contrast, P-TCP groups containing PDGF exhibited significantly greater 
periodontal regeneration (~~0.05) than surgery without grafts or DFDBA alone, 
groups (59% and 46% respectively for the 0.3 and 1 .O mg/ml concentrations 
versus 27% for surgery alone and 13% for DFDBA alone). The groups 
containing 0.3 mg/ml PDGF + P-TCP demonstrated significantly greater 
periodontal regeneration (~~0.05) than the same concentration of PDGF groups 
combined with allograft (59% versus 2 1 So/o)). 

Bone fill was significantly greater (pcO.05) in the p-TCP f 0.3 mg/mt PDGF 
(84.0% ) and the p-TCP + 1.0 m&-r1 PDGF (74.2%) groups than in the p-TCP 
alone (28.00/o), surgery alone (34%) or DFDBA alone (6%) treatment groups. 
There was also significantly greater bone fill QHI.05) for the /3-TCP + 0.3 
mg/ml PDGF group compared to the DFDBA f 0.3 n&ml PDGF group (84% 
and 20% respectiveIy). 

The group of analyses examining the 8-week data from the DFDBA groups and 
the surgery alone group (Groups 4,5,6, and 7) demonstrated no statisticalfy 
sign&ant differences between the DFDBA groups and surgery alone for 
periodontal regeneration (CNAA). There was a trend toward greater regeneration 
for those sites treated with the I .Omg/ml PDGF enhanced DFDBA versus 
DFDBA alone. There was significantly greater bone Ml (p<O.O5) for sites 
treated with DFDBA + 1.0 mg/mI PDGF than DFDBA alone (46 and 6% 
respectively). There was a trend toward greater bone fill for sites treated with 
DFDBA containing 0.3 mg/m.I PDGF compared to DFDBA alone or surgery 
alone. However, sites treated with DFDBA alone demonstrated less bone fill into 
the defect than surgery alone (6 and 34% respectively), with most of the defect 
being devoid of any fill or fill consisting of gingival (soft) connective tissue. 
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At four (4) months following treatment, there remained significant differences in 
periodontal regeneration. P-TCP aIone, as a result of extensive ankylosis, resulted 
in 36% regeneration, while the sites treated with P-TCP containing PDGF had a 
mean regeneration of 58% and 49% in the 0.3 and X .O mg/mi PDGF 
concentrations. Substantial bone fill was present in all three treatment groups. p- 
TCP alone resulted in 70% bone fill, p-TCP plus 0.3 m$ml PDGF yielded 100% 
fill while the 1.0 mg/ml PDGF group had 75% fill. 

D. Histopathofogv Observations: 

Representative photomierographs are shown in Figures 2,3, and 4. Figure 2A 
shows results from a site treated with surgery alone (no grafts). This specimen 
demonstrates limited periodontal regeneration [new bone (NB), new cementum 
(NC) and periodontal ligament (PDL)] as evidenced in the area of the notches and 
extending a short distance coronafly (arrows). Where regeneration is observed, the 
‘PDL is primarily af the type shown in Figure 2B, consisting of a fairly regular 
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width of approximately 100 l.nn with good vascularity but loosely arranged 
somewhat irregularly oriented collagen fibers. The area of the lirrc~ation is 
occupied primarily by fibrous connective tissue (CT) with minimal new bone 
formation- Where new bone formation has occurred it is often in direct contact 
with the root surface (ankylosis). 

For sites treated with P-TCP alone (Figure ?A) there is periodontal regeneration 
extending from the base of the notches for a short distance coronally (arrows). As 
was seen in the surgery alone specimens, minimal new bone formation was 
abserved with the greatest area of the furcation being occupied by fibrous 
connective tissue. Periodontal regeneration that occurred resembled that obtained 
in the surgery alone specimen with little new cementum and a loosely organized 
PDL adjacent to new bone. 

In contrast, Figure 3B illustrates results obtained for sites treated with p-TCP + 0.3 
mg/ml PDGF. Significant periodontal regeneration is shown with new bone, new 
cementum, and periodontal ligament extending along the entire surface of the 
fureation (arrow at the base of one notch to the arrow at the base of the notch in 
the second root). Additionally, the area of the furcation is filled with new bone 
that extends the entire distance to the fornix of the f&cation. The PDL space 
exhibits remarkably consistent width and vascularity although the collagen fibers 
within the coronal portion of the PDL space appear more loosely organized and 
more irregularly oriented than those at the apical portion of the PDL space. This 
fmding may be the result of cells within the coronal portion of the PDL being less 
well differentiated than those at the apical portion of the PDL at this reIatively 
early timepoint. - 

Representative results for sites treated with p-TCP + 1-O mg/ml PDGF are shown .__ 
in Figure 3C. While there is significant periodontal regeneration (arrows), it does 
not extend along the entire surface of the tireation. There is significant new bone 
formation within the l&cation with fibrous connective tissue at the coronal portion 
of the defect. A small space which is void of any tissue (VO) at the fornix of the 
ticcation is also observed. A higher magnification of the outlined area 
&mom&rating periodontal regeneration is shown in Figure 3D. This area clearly 
demonstrates new bone and new cementum with perpendicularly orierited inserting 
collagen fibers, 

Degradation of P-TCP occurs through processes of both dissolution and cell 
mediated degradation. High power magnifications of the cell mediated process 
may be seen in Figures 3 E and F, representing specimens obtained from sites 
treated with PDGF enhanced l3-TCP . In Figure 3E the rather dense p-TCP 
particles (gray/blue in color) are partially dissolved and penetrated by capillaries, 
fibroblasts and macrophages. A higher power of the area outlined in this figure is 
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shown in Figure 3F- The capillaries, fibrobiasts, macrophages and a single giant 
ceil are easily observed. The giant celI (to the left of the center) is loaded with p- 
TCP granules and there are heavily loaded macrophages to the right. 

Finallly, there were also fl-TCP granules observed within newly foimed bone 
matrix, in the PDGF enhanced p-TCP treatment groups. A representative 
photomicrograph demonstrating this fmding is shown in Figure 3G. The p-TCP 
granules are easily observed throughout the calcified matrix adjacent to frilly 
enclosed osteocytes (oc). These findings clearly illustrate the biocompatibility of 
the growth factor enhanced #STCP. 

Figures 4 A, B and C illustrate resuhs obtained for the allograft (DFDBA) 
treatment groups. Representative r!esuks for the DFDBA alone group (Figure 4A) 
shows poor periodontai regeneration that is limited to the area of the notches 
(arrows) extending only slightly in a coronal direction. New bone formation is 
limited and is surrounded by extensive fibrous connective tissue that extends 
coronally to fill a significant area within the furcation. Finally, a large void space 
extends from the coronal surface of the fibrous connective tissue to the fornix of 
the fur-cation. 

Histologic results &r the DFDBA f 0.3 and 1 .O mglml PDGF are shown in 
Figures 4 B and C, respectively. Both groups demonstrate greater periodontal 
regeneration, compared to DFDBA alone, that. extends from the base of the 
notches in the roots for a short distance coronahy (arrows). They also had greater 
bone fill within the area of the f&cation, although there was significant fill of the 
furcation with fibrous connective tissue. 

Figure 4 D is a higher power representative photomicrograph for the DFDBA 
alone treatment group. The figure shows DFDBA fined by osteoblasts (ob) with 
new bone (NB) deposited along the surface of the particle. Note the presence of 
fibrous connective tissue (CT) surrounding the particles, This particular specimen 
also demonstrates a finding reported previously (Buser et al., 1998) showing 
recalcification of an aflografi particle. This is seen in thk “‘stippkd” area of the 
matrix that is a result of discrete spherical apatite-depositions around former 
canaliculi. 
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IX. CONCLUSIONS 

It can be concluded from this study that: 

1 _ P-TCP, when combined with PDGF for the treatment of periodontal bone loss 
resulted in greater periodontal regeneration than current products or 
procedures, P-TCP alone, bone allograft or periodontal surgery without grafts. 
Of note is that jS-TCP with 0.3 mg/ml PDGF was significantly better than the 
current clinical gold standard, DFDBA. 

2. The 0.3 mg/ml concentration of PDGF was at least equally as effective as the 
1.0 mg/ml concentration when mixed with j%TCP. 

3. P-TCP was more effective than allograft when mixed with PDGF. 

4. The new bone matured (remodeled) normafly over time (O-8-16 weeks) in aIl 
groups. There was no increase in ankylosis or root resorption in the PDGF 
groups. Sites receiving PDGF exhibited improved healing as shown by a 
decrease in ankylosis vs. control sites.. This finding is consistent with reports 
that PDGF is mitogenic and chemotactic for periodontal ligament cells. 

. 
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Other surgical supplies provided at the investigational site included: 
a Sutures 
0 Antibiotics (Penicilhn and Oxytetracycline) 
a Chlorhexidine gluconate solution 
a Surgical anesthetics, e.g. pentobarbitai, acepromazine 
a Surgical instrumentation and disposables 

B. Material Preparation 

At the time of the surgical procedure, the final implanted grafts were prepared by 
mixing the PDGF sohttion with the matrix materials as previously described (Jiang 
et cd, 1999; Stephan et al, 2000; Camelo ef a/ in press). Btiefly, an amount of /3- 
TCP or DFDBA to completely fill the osseous defect was aseptically placed into a 
sterile container. The PDGF solution sufficient to completely saturate the matrix 
was then added; the materials were mixed and allowed to sit on the surgical tray 
for approximately 10 minutes at room temperature prior to being placed in the 
osseous defect. 

Based on our earlier studies, a IO minute incubation time with the P-TCP material 
is sufficient to obtain maximum adsorption of the growth factor. This kit concept 
has been developed following discussions with the FDA, who have indicated that 
this approach would greatly simplify product shelf hfe/stability considerations. 

The two doses tested used in this in vivo assessment are based on several 
considerations: 

1) previous human experience using PDGF mixed with DFDBA for the 
treatment of both interproxima1 intrabony and Class II furcation 
periodontal defects (Nevins et al in press and Camelo et al in press); 

2) previous experience using PDGF in the dog model used for the present 
studies; 

3) successful completion of the IS0 10993 series of safety and 
biocompatibifity tests on these concentrations showing complete safety as 
we11 as an expert toxicologist on the safety of the PDGF; and, 

4) in vitro phannacokinetic and bioactivity studies with osteoblastic cells 
which demonstrated significant effects on osteoblastic cell proliferation. 

These are afso the same doses that the sponsor is using in an ongoing randomized 
controlled multicenter human dinical trial. 
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C. In Vivu dog studies 

I_ Introduction 
All three specific aims of this project were accomplished simultaneously using 
the beagle dog model with horizontal CIass III furcation defects as previously 
conducted and described by Cho and Wikesjo in their studies on the effect of 
PDGF or BMP, respectively (Park et al, 1995; Wikesjo et al, 1989). Fifteen 
adult beagle dogs contributed 60 treated defects 

2. Rationale for Animal Model 
The beagle dog is the most widely used animal model for testing putative 
periodontal regeneration materials and procedures (Wikesjo et al 1988, 1994, 
1999; Cho et al 1995; Giannobile et al 1998; Clergeau, 1996). Plaque and 
calculus accumulation can induce gingivai inflammation that may lead to 
marginal bone loss and the etiology of periodontitis in dogs and humans can be 
compared. In naturally occurring disease, however, there is a lack of 
uniformity between defects. Additionally, as more attention has been given to 
oral health in canine breeder colonies, it has become impractical to obtain 
animals with natural periodomai disease. Therefore, the surgically-induced 
horizontal Class III fiucation model has become one of the most commonly 
used models to investigate periodontal hearing and regeneration- 

3. Creation of Defects, Application of Implant Materials & Treatment Groups 

a. Defect Preparation 
The “critical-size” periodontal defect model as described by numerous 
investigators (Wikesjo, 1988,1994, and 1999; Giannobife, 1998, Cho, 
199.5 and Park, 1995) was utilized. Both mandibularquadrants in 15 
male beagIe dogs (2-3 years old) without general and oral health 
problems were used. One month prior to dosing, the animals were 
sedated with a subcutaneous injection of a&opine (O.O2mg/kg) and 
acepromazine (02mg/kg) approximately 30 minutes prior to being 
anesthetized with an IV injection of pentobarbital sodium (25mg/kg). 
Following local infihration of the surgicaI area with Lidocaine HCl 
pius epinephrine 31: I: 00,000, full thickness mucoperiosteal flaps were 
reflected and the first and third premogars (Pl and P3) were extracted. 
Additionally, the mesial portion of the crown of the 1 st molar was 
resected. 
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Alveolar bone was then removed around.the entire circumference of P2 
and P4, m&ding the furcation areas using chisels and water-cooled 
carbide and diamond bum. Horizontal bone defects were created such 
that there was a distance of5 mm Tom the fornix of the fur-cation to the 
crest of the bone. The defects were approximately 1 cm wide, 
depending on the width of the tooth. The roots of all experimental 
teeth were planed with curettes and ultrasonic instruments and 
instrumented with a tapered diamond bur to remove cementum. After 
the standardized bone defects were created the gingival flaps were 
sutured to achieve primary closure. The animals were fed a soft diet 
and received daily chlorhexidme rinses for the duration of the study. 

b. Apnlication of Grafi Material 
The periodontal defects of P2 and P4 in each mandibular quadrant of 
the I5 animals were randomized prior to treatment using sealed 
envelopes. About four weeks after defect preparation, animals were re- 
anesthetized as described above and fulI thickness flaps were reflected 
in both mandibular quadrants. A notch was placed in the tooth root 
surfaces at the residual osseous crest using a l/2 round bur to serve as a 
f&.rre histologic reference point. The sites were irrigated with sterile 
saline and the roots were treated with citric acid as described previously 
(Cho, 1995; Park, 1995) for the purpose of decontamination and 
removal of the smear layer. During this period an amount of P-TCP or 
DFDBA sufficient to fil:l the periodontal defect was saturated with a 
sohrtion of PDGF solution (0.3 or I .O mg/ml) and the PDGF/graft 
mixture was allowed to sit on the sterile surgical stand for about ten 
minutes. The PDGF saturated graft was then packed into the defect 
with gentle pressureto the ideal level of osseous regeneration. 

After implantation of the graft material, the mucoperiosteal flaps were 
sutured approximately level to the CEJ using interproximal, interrupted 
4.0 ePTFE sutures. Following suturing of the flaps chlorhexidine 
gluconate gel was gently placed around the teeth and gingivae. 
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Defects received either: 

1. p-TCP (WC&@) 
2. P-TCP (VitOss”) plus PDGF (Cl,3 mg/ml PDGF) 
3. p-TCP (VitOss@) plus PDGF (I -0 mg/ml PDGF) 
4. Dog DFDBA 
5. Dog DFDBA plus PDGF (0.3 mg/ml PDGF) 
6. Dog DFDBA plus PDGF (1 .O mg/ml PDGF) 
7. Sham surgery (treated by open flap debridement only, no graft) 

Six (6) defects per treatment group were biopsied at two months (42 
total sites). In addition, six defects in treatment groups 1,2 and 3 were 
biopsied at four months (18 total sites). 

Table 1. Experimental design 

- n=6 for 8 wk 
I 1 -n=6for16wk 

2 12 @-TCP + 0.3 8& 16weeks 
mg/mlPDGF - n=6 for 8 wk 

-n==6for 16wk 
3 12 1 P-TCP + f .O 8 & 16weeks 

mg/ml PDGF - n=6 for 8 wk 
-n=6 for 16 wk 

4 6 DFDBA &lone 1 8 weeks 
5 .6 DFDBA + 0.3 8 weeks 

mg/ml PDGF 
6 16 DFDBA f 1 .O 1 8 weeks 

mg/ml PDGF 1 
7 6. Surgery, no graft 1 8 weeks 

Accordingly, at 8 weeks there are 7 groups divided among 42 sites in 
11 dogs. At 16 weeks, there are 3 groups divided among 18 sites in 4 
dogs (one dog received ttio treatment surgeries staggered eight weeks 
apart and thus contributed two sites to each the 8 and 16 week time 
points). 
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d, Post-surgicaf Treatment 
The surgical sites were protected by feeding the dogs a soft diet during 
the first four (4) weeks post-operative. To insure optimal healing, 
systemic antibiotic treatment with penicillin G benzathine was provided 
for the firs two weeks and plaque control was maintained by daily 
local irrigation of the defect sites with 2% chlorhexidine giuconate 
throughout the experiment. Sutures were removed after three (3) 
weeks. 

D. Data Collection 

1. Rationale for Data Collection Points 
The eight (8) week time point was chosen because this is the most common 
time point reported for this model in the literature and therefore there are 
substantial historical data. For example, Wikesjo et ak and Giannobile et al 
(1998) also chose 8 weeks to assess the regenerative effects of BMP-2 and 
OP-1, respectively, in the same model. Additionally, Pqark et al (1995) 
evaluated the effect or PDGF applied directly to the conditioned root 
surface with and without GTR membranes in the beagle dog model at 8 
weeks. These studies, indicate that the 8 week period optimal for 
illustrating potential significant healing effects among the various 
treatment modalities. 

The sixteen (16) week time point was chosen to assess long-term effects of 
growth factor treatment. Previous studies (Park ef af, 1995) suggest that by 
this time there is substantial spontaneous healing of the osseous defects. 
NevertheIess, it is possible to assess whether PDGF treatment leads to any 
unusual or abnormal tissue response, such as altered bone remodeling, 
tumorgenesis or root resorption. Thus the 16 week time point is used to 
determine safety. 

2. Biopsies and Treatment Assessments 
At the time of biopsy, the animals were perfused with 4% 
paraformaldehyde and sacrificed. The mandibles were then removed and 
placed in fixative. Periapical radiographs were taken and the treated sites 
were cut into individual blocks using a diamond saw. The coded (blinded) 
blocks were wrapped in gauze, immersed in a solution of 4% formaldehyde 
and shipped to Professor Robert Schenk for processing and analysis. 
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During processing the biopsies were dehydrated in 100% ethanol and 
infiltrated and embedded in methylmethacrylate. Undecalcified sections of 
approximately 300 pm in thickness were obtained using a low speed 
diamond saw with coolant. The sections were gfued onto opalescent 
acrylic glass, ground to a final thickness of approximately 80 pm, and 
stained with toludine blue and basic fuchsin. Step serial sections were 
obtained in a mesiodistal plane. 

All forty-two (42) biopsy specimens obtained two months following 
treatment were evaluable while 15 of 18 biopsy specimens obtained four 
months post-surgical were evaluable. One specimen was lost due to 
processing and two were not evaluable due to infection that was present. 

Histomorphometrk analyses were performed on the blinded slides by 
Professor Schenk and Dr. Lynch. The following parameters were assessed: 

Length of CowpIe& New Attachment Apparatus (CNAA) 
Periodontal regeneration measured as the distance between the 
coronal fevef of the old bone and the coronal level of the new bone, 
including only that new bone adjacent to new cementum with 
functionalty oriented periodontal ligament between the new bone 
and new cementum. 

New Bone Fill (NB) 
Measured as the cross-sectional area of new bone formed within the 
fur-cation. 

Connective Tissue Fill (C?J 
Measured as the area within the fur-cation occupied by fibrous 
connective tissue. 

The area of recession where there is an absence of tissue. 

3. Data Control 
AH data was entered into laboratory notebooks at the individual study sites. 
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VIII. RESUL-rS 

A. Clinical Observations 
Clinically, all sites healed well. There was qualitative evidence that the sites 
treated with PDGF healed more quickly, as indicated by the presence of firm, pink 
gingivae within one (1) week post-operatively. However, no quantitative 
measurements of healing were obtained. There were no adverse events 
experienced in any treatment group as assessed by visual inspection of the treated 
sites. Upon clinical observation, there appeared to be increased gingival recession 
in groups that received p-TCP or DFDBA alone. 

3. Radiographic Observations 
Radiographically, there was evidence of increased bone formation at two months 
as judged by increased radiopacity in Groups 2,3 (P-TCP f PDGF 0.3 and 1 .O 
mg/ml, respectively) and 6 (DFDBA + 1.0 mg/ml) compared to the other groups 
(Figures IA-D). At four (4) months, there was evidence of increased bone 
formation in all groups compared to the two month time point. There was no 
radiographic evidence of any abnormal bone remodeling, root resorption or 
ankylosis in any group. 

Table 2. Radiographic results. Rank order. 

P-TCP + 1.0 m&n1 PDGF 
I 

3 DFDBA + 1 .U mg/ml PDGF 

Surgery, no graft 

DFDBA + 0.3 mg/ml PDGF 

I P-TCP alone 
1 

DFDBA alone 

1= most fill; 7= Ieast fill 
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C. Histomorohometric Observations: 

Histomorphometric assessment of the length of new cementum, new bone and new 
periodontal ligament (CNAA) as well as new bone fill, connective tissue fill (scar 
formation) and void space were evaluated and are expressed as percentages. In the 
case of CNAA, values for each test group represent the CNAA measurements 
(length in mm)/ total available CNAA length (in mm) x 100%. Bone fill, 
connective tissue fill and void space were evafuated and are expressed as 
percentages of the total furcation defect area. 

One-way anaIysis of variance (ANOVA) was used to test for overall differences 
among treatment groups, and pairwise comparisons were made using the Student’s 
t-test. Significant differences between groups were found upon analyses of the 
coded slides. Table 3 shows the results at two (2) months. 
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FIGURE LEGENDS 

Figure 1A: 

Figure IS: 

Filfure IC: 

Figure PCS: 

Figure 24: 

Figure 2B: 

Figure 3A: 

Figure 3B: 

Radiographic appearance 8 weeks post-surgical for site treated with surgery 
alone. Note the radiolucency in the area of the fur-cation (*) indicating the lack 
of osseous fiiI into this site. A slight radiopacity is evident at the apical portion 
of the fUrcation (arrows) that may be indicative of some bone regeneration. 

Radiographic appearance 8 weeks post-surgical for site treated with J3-TCP 
alone. The radiolucent area (*) indicates the absence of bone frlI with some 
radiopacity observed at the base of the furcation (arrows) that may indicate 
limited new bone fill into the fkrcation. 

Radiographic appearance 8 weeks post-surgical for site treated with p-TCP + 
0.3 mg/ml PDGF. Uniform radiopaque appearance is present throughout the 
furcation. There is no clear radiolucent area within the furcation as observed 
in Figures 1 A and B, Arrows indicate base of original defect. 

Radiographic appearance 8 weeks post-surgical for site treated with P-TCP f 
1.0 mg/ml PDGF. 

Representative photomicrograph from the surgery aIone treatment group at 8 
weeks. Limited complete new attachment apparatus [new bone (NB), new 
cementum (NC) and periodontal ligament (PDL)] is observed extending from 
the base of the notches in a coronal direction (arrows>. The area of the 
fur-cation is occupied primarily by soft connective tissue (CT) with limited 
amounts of new bone. OB: old bone. 

Representative photomicrograph of regenerated periodontal ligament (PDL) at 
8 weeks in apical portion of surgery alone treatment group. Dentin (far right) 
and new cementurn (NC), loose connective tissue, osteoblasts (ob) and new 
bone (NB) are present. Within the PDL there is vascularity and loosely 
arranged, mostly unorganized, collagen fibers. 

Representative photomicrograph from the b-TCP alone treatment group at 8 
weeks post-surgical. Limited periodontal regeneration exists in the area of the 
root notches and extending coronally for a short distance (arrows). There is 
new bone (NB) present within the original defect, but most of the area is filled 
with soft connective tissue (CT). The old bone (OB) at the base of the original 
defect is observed apical! to the root notches. 

Representative photomicrograph from the p-TCP -i- 0.3 mg/ml PDGF treatment 
group at 8 weeks post-surgical. Extensive periodontal regeneration is observed 
that extends from the base of the notch in one root to the base of the notch in 
the second root (arrows). There is also extensive new bone (NB) formation in 
the area of the original defect that extends coronally to the for-nix of the 
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Figure 3C: 

Figure 3D: 

Figure 3E: 

Figure 3F: 

Figure 3G: 

Figure 4A: 

furcation. A small amount of soft connective tissue (CT) is observed at the 
inferior central portion of the original defect. NC: new cementum; PDL: 
periodontal ligament; OB: old bone. 

Representative photomicrograph from the P-TCP + 1.0 mg/ml PDGF treatment 
group at 8 weeks post-surgical. Significant periodontaI regeneration is present 
(arrows) but does not extend along the entire surface of the fitrcation, There is 
also significant new bone (NB) formation within the furcation that extends 
coronally more than half the distance of the original defect. Soft connective 
tissue (CT) may be seen coronal to the new bone with a small void (VO) area 
noted at the fornix of the furcation indicating some recession. NC: new 
cementum; PDL: periodontal ligament; UB: old bone. 

A higher power magnification of the area outlined in Figure 3C- New 
cementum (NC), periodontal ligament (PDL), and new bone (NB) are 
observed. The PDL is more mature and well organized. There is less 
vascularity than that observed in Figure 2B. The collagen fibers are well 
organized perpendicularly oriented inserting collagen fibers. 

Representative photomicrograph of specimen obtained from PDGF enhanced 
/3-TCP treatmen group. Dense P-TCP particles (gray/blue in color) are 
partially dissolved and penetrated by capillaries (cap), fibroblasts {F> and 
macrophages (Ma). 

High power magnification of area outlined in Figure 3E. The invading 
elements are clearly delineated. Note the giant cell (GC) loaded with p-TCP 
granules to the left of the center, and the heavily loaded rnacrophages (MD) to 
the right- 

Representative photomicrograph for specimen obtained from PDGF enhanced 
P-TCP treatment group. p-TCP granules are seen throughout the calcified 
matrix WB) adjacent to fully enclosed osteocytes (oc), with osteobIasts (ob) 
observed along the surface of the bone matrix. This iliustrates 
biocompatibility of the growth factor enhanced matrix. 

Representative photomicrograph from the DFDBA alone treatment group at 8 
weeks post-surgical. Limited periodontal regeneration is observed within the 
area of one root notch, and extending coronaily for a short distance at the 
second root notch (arrows). SmaIl amounts of new bone (NB) may be 
observed along the surface of residual DFDBA particles (d&k red staining 
along lighter pink stained islands). The area of new bone formation is limited 
to the inferior aspect of the original defect, extending only slightly coronal to 
the area of one root notch. The remaining area within the furcation is occupied 
by dense soti connective tissue (CT) and void space (VO). 03: old bone. 
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Figure 4B: 

Figure 4C: 

Figure 4D: 

Figure 5A: 

Figure 5B: 

Figure SC: 

Representative photomicrograph from DFDBA + 0.3 mgiml PDGF treatment 
group 8 weeks post-surgical. There is greater periodontal regeneration 
observed (arrows) than for the previous group (DFDBA aIone), however it is 
still quite limited. There is new bone (NB) formation present along DFDBA 
particles within the apical l/3 of the fur-cation with the remainder of the 
furcation occupied by soft connective tissue (CT) and a small void space (VO) 
at the fornix of the furcation. OB: old bone. 

Representative photomicrograph from DFDBA + 1 .U mg/mT PDGF treatment 
group 8 weeks post-surgical. Moderate periodontal regeneration is observed 
(arrows) along with new bone (NB) formation on DFDBA particles extending 
coronaUy along the surface of both roots. The remainder of the furcation is 
occupied by soft connective tissue (CT). OB: old bone. 

Representative photomicrograph (high power) of DFDBA specimen. The 
DFDBA particle is lined by o&&lasts (ob) with new (NB) along the surface 
of the particle. Note that fibrous connective tissue (CT) surrounds the 
particles. Recafcification of the allograft particle is seen in the “stippled” area 
of the matrix where there are discreet spherical apatite-depositions around 
former canaliculi. 

Representative photomicrograpb for the P-TCP alone treatment group at I6 
weeks. PeriodontaI regeneration is limited to the root notches (arrows). There 
is an increase in the amount of bone regeneration within the area of the 
fur-cation compared to the same treatment group at 8 weeks, with normal 
remodeling from woven to Iamellar bone. Significant ankylosis is observed 
along the surface of the furcation (lines). However, there is still a large area 
within the furcation that is occupied by fibrous connective tissue. An area of 
root resorption may be observed in the box at the for-nix of the furcation. NB: 
new bone; CT: fibrous connective tissue. 

Representative photomicrograph for the p-TCP f 0.3 mg/ml rhPDGF-BB 
treatment group at 16 weeks. Periodontal regeneration extends from base of 
root notches along most of the surface of the furcation (arrows). Limited 
ankylosis is observed (line) in the area of the for-nix of the f&cation. A 
widened space (upper box) indicative of remodeling has lead to a widened 
periodontal ligament space. This finding may be a function of the model as 
there is an area (lower box) apicai to the level of the original defect, indicating 
similar remodefing. NB: new bone; CT: fibrous connective tissue; OB: old 
bone. 

Representative photomicrograph for the P-TCP f 1 .O mg/rnl rhPDGF-BB 
treatment group at 16 weeks. Periodontal regeneration is observed extending 
from the area of the root notches in a coronal direction (arrows). There is less 
bone fill into the area of the f&-cation compared to that observed for the 0.3 
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mg/ml rh.PDGF-BB treatment group, with a greater area being occupied by 
fibrous connective tissue. Ankylosis (lines) is also observed as well as discrete 
areas of root resorption (boxes). As was the case for the 0.3 mg/mi rhPDGF- 
BB, there was no increase in root resorption over that observed for the j3-TCP 
alone treatment group. NB: new bone; CT: fibrous connective tissue. 

C~WIDEKTIAL: Tms DOCWENT Is COPWDERED CONP~E~RAL 
AND MAY Nm BE REPROWCED WFIXOUTPHZMXWON. 
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Appendix 7.7.5: Test Report VOO23-211. Genotoxicity: 
Bacteria1 reverse mutation study (Saline 
Extract) 
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TESTARTICLE: 

rhPDGF-BB (Becaplermin -i mgt’ml20 mM WAC Bufk) and Vitoss Scaffold 

_ 
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Lot #QA2217 and Lot 08;098-146 
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SUMMARY . 

A Salmonella typhimurium and Escherichfa coli reverse mutation standard plate incorporation study w&s condu@ed. 
to evahrate whether a’salme extract of rhPDGF-BB (Becaplermhr -I mglml20 mM NaAc Buffer) and Vitoss 
ScafQld, Lot #QA22 17 and Lot 08 1098-146, w&Id cause mutagenic $gtnges in the average number or revertants 
for histidine-dependent ,$dmonella typhimwium stdns TA98, TAIOO, TA1535, and TAl537, and in trjptophan- 
dependent EscMchia coli strain wp;jwrA in the presence and absence of S9 metabolic activ$ion. This study was 
Gonducted to satisfy, iu part, the genotoxkity requirement of the International Organization for Standardization: 
Biological Evaluation of Medical Devices, Part 3: Tests for Geno~oxicity, Carcinogenicity z&d Reproductive 
Toxicity. 

The saline test article extract was found to be noninhibitory to growth oftester straius TA98, TAlOO, TAl535, 
TA1537, and WP2mA. Separate tubes containing 2 ml of mohen top agar supplemented ~histidine-b&in, 
solution for the S. typhimwium strains and with tryptophan for the E. coli strain were inoculated ‘with 0.1 ml of 
culture for each of five tester s&ins, and 0.1 ml of the saline extract. A $5 ml aliquot of sterile Water for Injection 
(SWI) or S9 homogenate, simulating metabolic activation, was added when necessary. The mixture was poured 
across triplicate Minimal E plates. Parallel testing was also conducted with a negative control and five positive 
controls. The meari number of revertants of the triplicate test plates was compared to the mean number of r&ertants 
of the triplicate negative control plates for eabh of the five tester strains employed The means obtained for the 
positive controls were used as points of reference. 

Under ‘the conditions- of this assay, the saline test article extract was considered to be nonmutagenic to~Salmon$la 
iy@imwium tester strains TA98, TAlOO, TA1535, and TA1537, and to Escherichia coli strain IVEkvrA. .The 

“negative and positive controls performed as anticipated.~‘Ihe results of this study should be evaluated in conjunction 
with other required tests as listed in IS0 10993, Part 3: Tests for Genotoxicity, Carciuogenicity and Reproductive 
Toxicity. _ 

Study and Supervisory 
Personnel: Sally C. Ahmed, BS 

Suzanne E. Brimacombe 
Lionel D. Brock, BS 
Cherise M. McCoy, BS 
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prrROI?UcnON 

A SaIm~nellu typhim~wium ,and ,!Ldwi&ia co& reverse mutation standard @ate imkporation study was conducted 
to evaluate whether a sahue,test article extract would cause mutagenic changes in the averr@e number of revertants 
for Salmonella fyphinkium tqster sh6ns TAPIt, TAL 00, TA 1535, and TA1537, and lL&erichia &oIi tester strain 
WP2wrA in the presence and absence of S9 metabolic activation. This test was condu;cted to satis&, in part, the 
requirements of t+e International Organization fpr Shdardization (X$0) 10993, m 3:. Tksts for Genoto&ity, 
Carcinogenicity and Reproductive Toxicity., Bacterial reverse mutation tests have been widely used as rapid 
greening procedures for the deternunation of mutagenic and potential carcinogenic hazards. The test article was 
received On November 2&200 1 and December 10,2QO i . The preliminary toxicity screen began on 
December l&2001, and the testing ended on December 20,2001. 

The study, initiated by protocol signature On December 1 d, 2001, was conducted in accordance with the provisions 
of the FDA Good Laboratory Practice &iLP) Regulations, 21 CFR 58. A Certificate of Quality Assurance 
lnspectkjns was issued with this report. 

The sample provided by thi spot&r waS identified and handIed as folloks: 

Test Article: 

Idea&cation No.: 

-Sta&y Testing: 

rhPDGF-BB (Becaplermin : I mg/mI 20 mM ??a& Buffer) and .Vit&s Scaffold 

_ Lot#QA2217 audLotu81098-I46 
_ -. r 

h-l Progreis cper sponsor). 

Expiration Date: 

Storage Cchitions: 

kathe for dmatiim of &tended testing (per sponsor) 
._ 

rhPD&F-BB - refrigerated; Vitoss Scaffold - room temperature 

Vehicle: Saline (0.9% Sodium Chloride DSP) 
^ 

Fr&iration: A 1 .@.g portion of Vitoss ScaffoId w& saturated with a 1 .O &l portion of 
rhPDGF immediately prior to addmg the Vehicle. Based,on the USP ratio of 
4’g20 ml, a 1.9 gFpohion of the prepared testarticle was~cov&d w@i 9.5 ml of 

__ -.. ._ saline. A single preparation was extracted at 37°C for.24 hours.. Vehicle 
., &bout test material was similarIy subjected to the extraction conditm;ns’ for use 

( . . ._I as ? negative cuntrol. The test extract aud negative control were d&ted. -. 
._ 

. : Conditionof &x&&s: 
.Test 
z$y ._ 

Gontr&l~ ._.: . 
clear ._ 

. . . . ‘.’ ._ : : 
. . : ___ . 

. : _: 
. . 1 .__ . ., . 

__. ._ _’ __ ..’ . 

-_. . . ‘: 
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Test System: 

Each Satmcmeliu typhimwium tester strain contains a specific mutation in the histidine operon and other mutations 
that increase their ability to detect mutagens. In’ addition, tk Edwrichia coli containg a specific mutation in the 
tryptophan operon, and a deletion in the WA gene, These genetically altered S. fyphimurium s&a& pA98, - .I: 
TAlOO, TA1535, and TA1537) and E. coli skin (W2uvrA) cannot grow in the absence of histidine or tryptophau, 
respectively- Whenplaced in a histidiue-free (for.8. typhimurium) or tryptophan-fkee (for E. c&i’) mediurix, only 
those cells which mutate spontaneously back to their wild type state’(histidme independent by manufacturing their 
own histidine, or tryptophan independent by~mauufacturing their own tryptophan) are able to form colonies. The . 
sp&$aneous mutation rate (or reversion rate) for any one strajn is relatively constant, but if a mutagen is added to 
the test system, the mutation rate, is signifiqtntly increased. 

-. 
Tester Strain Mutations/Genotvpk Reievance 
S. @phimurium TA98 
S. typhimuiium TAJOb 

hisD3052,1$4 w-B, fi-ameshift, pKMlOl 
hiG46, @ii, zwyB, m&e&e, pKMIO1 

S. ty$i fmuritq TA1535 hisG46, $I, uvrB, missense 
S. typhfmwrium ?A1537 hisC3’076, rf, uvrB, .frames~ 
Ecoli wp;?uvkA trpE65, t&A; missense . 

@ = causes bar&l loss of the lipopolys&charide~waIl which increases permeability of the 
cell to large molecules (j-e., crystal violet inhrbition) 

. uvrBof wrA = deficient Dh?A excision - repair &em (i-e., UhmiOlet sensitivity) 
tieshift = base-pair addition/deletion 
i&sense = base-pair substitution 
pK.MlOl = piasmid confers ampkillin resistance (R-factor) and enhances sensitivity to mutagens 

Metabolic Activ&on: 

Aroclor I254 - induced rat liver (SP homogenate) was used as metabolic activation. The SP homogenate is prepared 
from maie, Sprague Dawley rats. The rats are mduced with one intraperitoneal injection of Aroelor 1254 
(500 m&ml) 5 days prior to sacrifice. Just prior to use, the SP homogenate was mixed with a buffer.contakmg 
0.4 M MgC&/l,65 M KCI, 1 .O M Glucose-6-phosphate, 0.1 M NADP, 0.2 M sodium phosphate buffer, and &xiIe 
Water for Injection (SWI). 

preparation of Tester Strains: 
_- 

!- __. Cultures of Salkondia typhimurium, TA98, TABOO, TAL535 and TA1537, and Ekcherichia coli, WP2wrA; iveie. 
inoculated to individual Erlen&yer fIaslcs containmg oxoid b&h. The inoculated broth cultures were incubated 
overnight at 37 f 2°C in an, iugubatoi Sheer. operating at !15:125 rpm for 1 O-12 hours. .. : : .- ._ .. /. 

~Ne&ive’Cbntrol~ : -. . 
: ‘._ . . . . 

SaIine.(vehicle without test material) was tested with each tester strain to de~termine thespontaneous reversion rate.. : 
Each strain was tested with and without S9 activatikr. These data represented a base rate to which the number of 

_ ,revertant colonies that developed in e&h test plate were.compared to deternrine whether the test art&e had. . . . 
sig&icant mutagenic proper&- 

., ._ -. 
. 

I_ 

.- 
._ .- 
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Positive Control: 

‘A known mutagen; Dexon @aradimethylaminobenzene diazdsulfonic acid sodium salt), was used as a positive 
c,ontrol to demonstrate that tester strains TAP!, TA! 00, and TA 1537 were sensitive to mutation to the wild ty$e 
state, For tester strain TAI 535; sodium azide tias used as apositive control. For tester straiu TAlOO, 
2-aminofluorene was also used as a positive control. For tester strain WKkvr& Z-aminoanthracene and 
methylmethane-sut were used as positive controls Although metabolic activation was only required with 
2-aminotluorene and 2-arninoanthra~ene to induce mutagenic results, all positive controls were tested withand 
without S9 homogenate. , 

Strain Charactetistics and Strain Standard Plate Counts: 

Strain characteristics were verified and viable counts were~determiued 

Spot Plate InhIbition Screen: 

The saline test article extract was evaluated by a spot plate tetihnique, modeled after the antimicrobial zone of 
hibition test. This screen was used to evaluate the toxicity of the extract to determine whether dilution ofthe 
extract was required to provide an extra& noninhibitory to thi &dmonella typhimufium or to the Escherichio qli. 

,, 

Separate tubes’contain~g 2 ml of molten top agar supplemented with histidhre~biotiu solution for the S&&nellq. 
typhimurium and tryptopban for the Escherfchicz coli were inoculated with 0.i ml of culture for each of the five 
tester strains-. After mixing, the agar was poured across the surface ef separate Minimal E plates labeled with lab- 
number and appropriate tester strain. Once the agar solidified, sterile filter discs were placed m the center of the 

: plates. A 0.1 ml aliquot of the saline test article extract was added to the filter discs on each of the labeled.plates. 
Parallel testing was conducted with a negative control, and to demonstrate a positive zone of inhibition, IOX &x&r _ 

. ~asutilized 

The plates were incubated at 37°C for 2 days. Following the incubation period, the Zone of growth inhiiition was 
observed and recorded. Only extracts that were noninhibitory to the tester stt+s were tested by the-standard plate 
incorporation method. : 

Separate tubes.containing 2 ml of molten top agar supplemented with hi&dine-biotih solution for the SalmondIa 
~typhimurfum or with tryptophan for the Escherichfa cdi were .jnoculated with 0.1 ml of culture for each of the five 

: .. 

tkstei strains~and 0.1 ml of the saline test article extract., .A 0.5. ml abquot, of SWl or S9 homogenate, simulating . 
metabolic activation; was added ‘when necessary. The mixture was poured across triplicate hkiniinal E plates labekd 

! ~4th lab number; appropriate tester strain, and S9 metab#c activatkn (when appficable). Parallef testing was also. 
conducted with a negative control and five positive controls. ._ . 

I Histidiue-Tree media plates (for S. @h(muriug) and trjptophan-f&e media plates’(for E. coii) wek prepared in . .. , 
_. .. triplicate as follows: ., _A 

i. Sdini test artidle extract with and without SP activation. 
2. -Negative control */ith and v&out SP activation 

. . 

: :. -: 3. : IXDexon (known mutagen) with and tiitbout SP activation with~kams TAPS, TAlOO,‘aud TA1537. . . .. .-. ’ 
4. 1X 24minofluorene (known mutagen) with aud without S9 activation with stram TAlOO 1. ._ . -_ .. 
5.. . 1X Sodium&de (known mutagen) with and without SP activation ~$&strain TAl535 L 

:_ 6. IX 2-Aminoarnhracene (known mutagen) With and without SP activation with strain WP2uv~A’ .. 
7. -_ 1X Me~y~ethane-sulfonate.(kno~ mutagen) with and without S9 activation with strain WP2vA .j ..’ :- . . * 

.’ 

Standard Plate ‘Incorporation Assay: 

__._ I 
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._ 
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The plates were incubated at 37°C for 2 days; Following the incubation period, the revertant coIonies on each plate’ 
rvere recorded. The mean number of revertants.was determined. The mean number of revertants of the test plates 
were compared to the mean number of revertants of the negative control for each of the five titer straius employed. .: . . 

For. the s&me extra& to be evahrated as a test ftilure or “potential mutagen” there must have been a 2-&&l or &eater: 
increase in the number of mean revertants over the means obtained from the negative.control for any or all five 
tester stra.ius. Each positive control mean must.have exhibited at least a 3-fold mcrease over the.respective negative. 
control mean of the Salmonella tester strainemployed, and at least a 2-fold increase over the respective negative 
control mean of the E. coli tester straiu. Exceptions included conditions not intended to provoke ti mutageniti 
response (e.g. 2-a&u&anthracine and 2-aminofluorine without metabolic activation). The negative control results 
of each tester straiu exhibited a characteristic number of spontaneous revertants based on historical data collected at. 
NAMSA. 

RESULTS 

St&m Charact&cs and Strain Star&d Plate Count: 
_- : _. 

Salmon&a ty$imur&n strains TA98, TAlOO, TAl535, aud TA1537 tid Ekherichia &li &a& +2&A 
exhibited appropriate genetic characteristics pertaining to this assay (see Table I). 

Spot Plate Inhrbition Screen: 
. 

No sigui&ant inhibition was obs&-ved (see Table II). -. 

Standard Plate Incorporation Assays 

The results are summarized in Table III. In no case was there a 2-fold. or greater increase in the mean number of - .’ 
revertants of tester strains TA98, TAIOO, TA1535, TA1537, and WP2tnn;4 in the presence of a saline test article 
extract. Each positive control mean e&%ited at least a 3-fold increase over the respective m&r of the 
S. typhimwium tester strain employtd aud at least a Zfold increase over the respectjvo mean of the .E. co& tester . 
strain. 

Test Valid@: 

The data obtained from this study motNA.MSA criteria for a’valid assay. ’ :. _ 
_- 
Results‘aud con&sions .apply only to the test article tested. No further evaluation of these results is made’by . : 
NAMS& Any extqrpolatiori of these data to other samples is the responstbihty of me sponsor: All procedures were +. 
conductedin conformarice,with good laboratory practice and IS0 17025.’ 

_ 
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._- -1 CONCLUSlON ’ . . . 

Under the conditions of this py,. the sake test’ article extract was considked to be’nonmutagenic t& &ho&.& 
typhimwfum tester str&s TA98, TAl 00, TAl535, aqd TA1537, and to ficherichia cc&,& WP2uvrA. The 
negative and positive controls perfomed as titicipat&L This test Was conducted to sat&@, in part,‘the+emmts.- 

. 

of t$e International Organization for Standardization (ISO) 10993, Part 3: Tests for Gemtoxicity, Carcinogenieity 
and reproductive Toxicity. 

RECORD STORAGE 

kl’raw d&a pertaining to this study and a copy of the final reiort are to be retained in designated NAMSA ar&ve 
files. 
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TABLE1 

STRAIN CHARACTERISTICS AND STRAIN STANDARD FLAT& &OUNTS 

R = Resistant S =.Sensitive NG = No Growth G=Growth NA = Not AppIicabte 
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.TABLEII __ 
,- 

SPOT PLATE IB-IiEXTrOh SCREEN BIJLTS 
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. 1. .- 

TABLEIII ‘. 

STANDARD PLATE INCORPiXATlON ASSAY - REVERSION RATES FOR TESTER S&S .. 

Saline 
CFTP [ Mean 1 CFTP 

46 1 1 153 
w/o s9 46 j72 
neptive.control 45 42 170 
Saline 1 55 I 177 

extractws9 1 43 
Dexon I 2000 i 1 1296 

23 

CFTP = Counts *In tripkate pIat& - 
*Negative control for S9 

Mean = &fern of triplicate plates 
tPositive contmi f&S9 : 

=,Not Ap&cable 

I . . 
.a 

. 

1.. 
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CEl&YH@ATE OF-QUALITY ASSkNCE INSWT~ONS 

Phasehqected Date .. Auditor 

Strain Charackistics Dec. 1 &ZOO1 L.‘$&Td 

Spot PIate Inhibition Dec. 18,‘2001 L. M. Byrd 

Fiid Report Review JartlO,2OO2 L. M. Byrd 

Reports to 
Management -Date 

and. Study Director(s) 

Periodic Status Report Jan.7,2002 

I 

This study will be included in the next peric$lic status report as completed. 

,__- 

.- : _: .’ _-(  ._ 
._ 

_. .’ ; 

; 
. 

. :. 

--1 ._ . . . . . . . -. . 

_’ _.. ,..I. 

_. ._ .. 
: . . 

L I . 
‘_ ‘Thjs study has been c@nduct$d in accordance with the prqvisions df the FDA ‘Good Lab&tory Pkxtice R’e&ations : 

.’ (21cFR,P&t58).‘ - . . . . . ._. _: j : 
.I . . . 

,. . .a. . . . : 

.Qi Re~r&entative: 
: 

: -. \ 
L _ r.g.:.L&; 

: / 
Audit&, Quality &siirance 

-Da& :.... ;. .. ; 
. 

: . 

-_ /I& . 

: 
-. .. iorp. Hdc& 2261 TracyRoa~,Northwo~~. OH 4mms7~4,~i66345$Jax 4itxqji&~ -’ 1: 
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I 
This form is used for non-clinical studi& to be conducted adeording to FDA Good. Labor&& Prac&e Regulations 
of 21 CFR part 58, CoriSpletGof this form identifies material t&at will b$ Wed.&n a NAMSA Master’ Schedule / 

, 

Sheet aLa$able for FDA inspeckm. All information requested must be &b@ted to NAMSA before testing may 
begin. .- 

“.. . -.- “i- . I. L - 

Report To: Auihodzbd Asst,: 
/G/b Uc5~@2 f? .T‘ k tif different 

37677 from left) . 

A. 

BatdhKode 
0 

ot {circle one) ldentijidation: _.’ 

Storage Corxfitkns:, f&m Ternp:‘.; Rkfrig .-;. Freezer;; Othtx. 

Handling and Safer/ Pr&autions: s&-&i& . 
. . . : 

Stability: The sponsor assures that the above material has been characterized for identity. stren($h, .‘. : _ 
purity and compositidri a’s required by subpart F section 58.365 lieii’bzrck).‘ .StabFlity testing .is.the . 
responsibility of the sponsor and is subject to FDA audit; pfease indicate one $..the foflowirWx 

‘_ 
x. Stability testing is in~progress;~ article is stable for duration of intended testing. 

Stability tejting is complete and on file with sponsor. Dlpiration’D&t ,:-@,--.-* .’ 
- _ 

. . 
Disposition: DiscardKkstroP-; Return to Sponsor& Retain”- ?,-A ia.~nd;ti len0.r thr, ‘28 dyr. : 

B-. 

.’ _..  

Control.Artkls SubnWd By-Sponsor: No x. ; Yes-+-. - Identifickm: --’ .. ..’ . . . _ -_ .._ r’ . 
1. Batch/Code/Lot kircle one1 Ident~ficatian: 

. - * .;, . I -,e,. ...I 

2. Storage Conditions: Room Temp.. Refrig.-, 
L. ‘:“<’ ?.L _ 

* other-l- 
g. p 5 ..I 

- Freezei-, 
._ . . ._ 

3: Handling ani Sate.pPreca&ons- . 
. _:_ -:: 

. r . I : 5 . 
4-. Stability: Characterizak ami stabitity inform&on as above are aleo%&ire~~for control .artik.%S~~ ., .’ : :. _. . . I_ ’ _* 

i'- 
Stability testing is i&progress; article is stable fdr’d%kion of intended teskg. :.’ 

-Stability testintj is complete an&on file with sponsor. Expiration,~D&: .. 
-Marketed product &ability characterized b; itS.labeling. ~ - ._ 

g.. Dispositioni Discard/Destroy~; Return to.Sponsor~; Betain. __ ~rgguircd for .‘Gc5y ionpee thm 28dmyi ’ 1 _ 

. 

. 
-.. 

. . c.. 
. . 

: . . . ._. . . 

Mixtures of test or Control ?rti@es’. v&h .c.arriers ieqbire~ anakysis to demmstrat~, pt&?f COnCen&tibn. 

:homogeneity and stability. . Sponsor will provide 

P 

natyticdl rp&thaf5L, - or wi!f perfdrm an+& On ‘, , . 
_ -’ .: 

. . 
representative aliqwts provided by f?W!%b-. -v&l .- 

-_ . 
. 
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I NAMSAn” GLP PROT6COL V23 

-, GENOTOXICITYz BACLERIAL REVERSE MUTATlON STUDY 

I 

- 

purpose of the Study: 

1 
f -’ -., The purpose of the study is to evaluate whether an extract of the-test material or a solubilized material will cause 

n-&g&c changes in a tryptophan-dependent strain of Escherichia c&or in one or more strains of histidine- 
dependent Salmonella typhimuriimt inihe presence or absence of S9 metabolic activation. The Bacttid Reverse : 
Mutation Study will be used as a rapid screening procedure for the deter$nat&ofrrmtage&and potential 
a.rcinogenic hazakk and should be used in conjunction with other tests that character& potent&L genoto&&y _- 
properties, This study will be based on OECD guidelines ;ind the requirements of the Lntemauo& C&&ation for’ 
Standardization: Biological Evahration of Medical Devices - Part 3: Tests for Genotoxmity, &rcmogemcity.and 
Reproductive Toxicity. 

This study will be conducted in accordance with the requirements of the L&A Good Laboratory Practice (GLP) 
Regulations, 21 CFR 58. 

: _ 
. . 

I .Test Article: 

I .- The sponsor will submit the material to be tested Detailed informauon about the test sample witI be provided by the- 
sponsor on the GLP Compliance Notification form furnished by NAMSA or on a similar attachment to the protocol- ._ 

The following is to be completed (v&h initials and dates in the margin) by the sponsor or study directoi. Further 
ksuuctions may be attached to the proiocol. The sample will be prepared as follows: 

Test article form 

2 
oluble material (solid or liquid) - complete “Preparation of Soluble Material” 

Insoluble material - complete “Preparation of Extract” 
_ Other (specifL) 

Preparation of Extract (for insoluble materials): 

1. Ratio of test mi&eriaL to vehicie: 
.. 

i .I Material thickness I&rst& 0,5‘mm, use ratio of li0 cm*:20 ml -. 

. p 
Material thickness greater than or eqnal’to 0.5 nun, use ratio of 60 cm*:20 ml .. ’ 
JrreguMy shaped objects and/or sponsor option, use ratio of 4 g:20 ml : 

. (-pa(specify)‘- I :- -) .._ 

. 
‘._ . 2 

, L--r; .; 
V&icIe: 

iT:I,-ol 
v @%’ Spdium Chloride for &..ection , USP 
g Dirr$hyl~~otide,@MSO)* 

95% etlfar@l;(EKIH)** ‘_ . ’ 
Ot.her(specify) 

. : : . 
%Dimethyl s=lfoxkle can be extracted at 37°C f 2°C for 24 hours, but room temperature for 72 hours is 
recommended, .’ : 

**95% et&m9 can only be ex&cteh.at room temperature (various times can be used).. . __. :: 
; 

. _. BlihOO1683 _I_ .’ :- ‘__ . 2.: I.. 
. 

to@ Hdqtis: 2261 Trac$ Road, N&wood,bH 43619-1397 j41&jfi&ki/Eax 419.666_2954 
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OiT-1526.?-00 

3. Conditions (use highest temper&e that will not degrade material): 

- 121T, l hour 
- 7WC, 24 hours 

cl 
5OT, 72 hours 

2- 
37T, 24 hours - 5Clt I ;\ e. Cfl 1 \J ’ 
room temperature, 72 hours *- 0 M So oy, t 
Other (specify) f - _ 

Praaration of SolubIe Material: 

1, __ Solid: -s 

One gram of the sample will be transferred to a IO ml vohrmetric flask.. Various sized flasks may be used to 
accommodate nature of test material utilizing 100 mg/ml or 19% w/v. -Appropriate vehicle (specified belob) 
till be added fq.s) to the IO ml (or appropriate) demarcation to achieve I00 mglmi or a 10% (w/v) solution of 
the ‘mterial. 

2. __ Liquid: 

One milliliter of ihe sample will be transferred to a ld ml volumetric flask Various sized flasks may be used 
to accommodate nature of test material &i&zing 100 mg/ml or 10% v/v. ‘Appropriate vehicle (specified below) 
will be added (q-s.) to the l@ml (or appropriate) demarcation to achieve 100 mg/rnl or a 10% (v/v) solution of: 
thematerial. 

NOTE: GLP regulations 21 CPJI 58.113 requires concentration analysis and stability determination for 
mixtures with ctiersm 

O-P% Sodium Chloride for Injection, USP 
x Dimethyl stioxide (DMSO) 

95p/, ethanol (EtOH) 
.I Other (specify) 

AU preparation& of soluble materials will be performed the day of test.’ In the event the niaterial does not cor&le~ely ‘- 
dissolve at these concentrations, serial&hnions will be prepared. Thehighest possrble concentrationthat achieves 
complete dissohrtion of the material will be usedfor testirig purposes. ‘_ 

Test Sv&e& 
’ 

. . :.. 
E&h,S. fyphimurium tester strab cOntains a &n&k mutation inthehistidine operon and o&r mntatioti @at 

. . 

increase their ability to detect mutagens. .The I?. cok strain contains a mutation’in the tryptophkr ope’ron and a 
deletion in the UVTA gene. These genetically aBeredS. iyphinpirqn strains (TA98, TAlOO, TA1535, and-TA1537). 
and E. coli strain WP2xmA) cannot grow m the absence of histidine: or tryptopban, respectively.. When placed in a 
fisti&.w-tie (fm. 5’. &dimutium) or tryptophan-f&e (for .I?. coli) medium, only those ‘cells which mutate . 
spontarieously back to their wild ty$e state (h&dine independent by manufa&rring their own h&dine, or 
tryptophp indeIjendent by mantiacturing their own try+ophan) are able to form colonies. The spontaneouS‘ 
mutation rate (or reversion rate) for any one stram is reiatively constant, but if a mutag& is added to the test system, 
the mutation rate is significantIy &-eased. y . i _ 

.I’ I 
: e 

: 
. 

._ ._ -. BMOU’l684 :: ; 
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Tester Strain 
S. typhimurium TA98 
S. typhimurium TA1iX? 
S. typhimwium TAIJ35 
S. fyphimurium TAI537 
E. coli WP2uwA. 

MutationslGenotypic Relevance 
hisD3052, rjk, uvr8, fiameshiR, pKM 10 I 
hisG46, $5, UYTB, n&sense; pKMlO1 
hisG46, r$a, uvrB, rnissense 
hisC3076,‘$a, uvrB, fiameshift 
trpE65, uvrA, missense 

% = causes partial loss of the lipopolysaccharide wall which increases permeabihty of the 
ceil to large molecules (i.e., crystal VioIet inhibition) - 

uvrBoruwA = deficient DNA excision - repair system (i.e., uhraviolet sensifivity) 
fkameshiil = base-pair additionldeletion 
missense = base-pair substitution .- 
pKMlO1 = plasmid confers ampicillin resistance (R-factor) ,and enhances sensitivity to mutagens 

Metabolic Activation: 

Aroclor 1254 1 induced rat liver (S9 homogenate) will be-used as metabohc activation. The material is prep&red 
fkom male, Sprague Dawley rats. The rats are induced with one intraperitoneal injection of Aroclor 1254 
‘(SO0 mg/rn.I~ 5 days prior to sacrifice. The S9 homogenate ispurch~ased from Organon Tekuika Corporation, 
Box 15969, Durham, NC 27704-0969. Just prior to use, the S9 homogenate *II be mixed with a buffer containing 
0.4 M MgCl~Zl.65 M ICCI, 1.0 M Glucose-(i-phosphate, 0.1 M NADP, 02 M sodium phosphate buffer and sterile .: 
water. I . . 

Prenaration of Tester Strains: 

Cultures ofSalmoneIla typhi’urium, TA98, TAlOO, TA1535 and TA1537, and Escherichia cc&, WF’2uwA, will be 
inoculated to individual Erienmeyer flasks containing oxoid broth. The inoculated broth cultures will be incubated 
overnight at 37 * 2°C in anincubator shaker operating at 115-125 rpm for lo-12 hours. 

Preparation of NePative Control: 

Negative control (vehicle without test material) will be utilized for each te.ster strain with and withbut S9 activation. 

Preparation of Positive Controls: 

A knokn rrnitagq Dexon (paradimethylamiuobenzene diazosulfonic.acid so&m saft),‘wiU be used as a positive 
:control to demonstrate that tester strains TA98, TAlOO, and TA1537 are sensitive to mutation to the wild type state.. 
For tester strain TAl535, sodium tide will be used as a positive controls For tester strain TAXOO, Z-aminoflwrene 
vviJl be used as a positive control, For tester strain WPZwA, 2-&&nticene ard methylmethane-sulfonate v&B 
be used as positive controls. ‘Although metabolic activation is only required with 2-aminofhrorene and 
2 amhroanthracene to induce mut&euic results, all positive controls will be tested with apd.without S9 homogenate. -. .. 

:. .. 
Strain CharacteriSticS and S&am &r&rd Plate Co&r& 

._ 
._ I _. 

: 
Strainchamcter& will be k-ified and viable counts will be determined. : 

I 

Svot Plate Inhibitiori Screen: _- : 
. ._ 

The extract(s) or solubihzed r&&al(s) and negative controi(s) wih be evahrated‘by a spot plate technique modeled..: 
after the autinkobial &re of inhibition test. This screen & used to evaluate extract or sohrtion concentrations for 

_- 

toxicjty which are noninhibitory to the SalmotidIa strains and the k co/!: strain. 
_ 

.- 
. 

Se@=@ tubes containing 2 ml of mohentop agar supplemented with h&tie-biotin (for S.~tj$himurium) or with : 
: Q’Wphan (for E. coli). till be inoculated tith 0.1 ml of cuhure for each of the five tester strains. After mixing, the :. 

- 
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agar will be poured across the surface of separate Minimal E plates Iabeled with lab number, appropriate tester 
strain, &rd’ dose level (when necessary): Once the agar sohdifies, sterile filter discs till be placed in the center of the 
plates. A 0.1 ml aliquot of the extract or solubilized material wiil be added to the filter discs on each of the labeled 
plates. Parahel testing will be conducted with a negative control. To demonstrate a positive zone of inhiiitio& 10X 
stock Dexon will be used. 

The plates will be incubated at 37 f 2°C for 2-3 days. Following the incubation period, the zone of growth 
inhibition will berecorded. If siguificant inhibition of the background lawn occurs, the extract or sohtbZ&d .. 
material concentration will be adjusted by prepariug one or more dilutions’ and repeating the inhibition screen to find 

-. a. nontoxic level.. 

Standard Plate Incornoration Assay -_ 

Separate tubes containing 2 ml of molten top agar supplemented with histidine-biotin solution (for S. typhimurium) 
or tryptophan (for E- c&i) will be inoculated with 0.1 ml of culture for each of the five tester strains, and 0.l’ ml of 
the testmaterial. A-0.5 ml aliquot of SWI or S9 homogenate, simuIating me&olic a&&ion, Wru be added +en - 
necessary.. The mixture will be poured across triplicate Minirna~ E plates labeled with lab mirnber, appropriate tester. 
strain, and SP metabolic activation (when applicable). . Parallel testing will be conducted on a negative control and 
five posi*ve ControIs. 

I+stidine-free media plates (for S, yphimurium) and tryptophau-free media plates (for E. colQ will be prepared in 
triplicate as follows: 

1. Extract or solub$ized niateriaf vvith and without S9 activation 
2. Negative control ~4th and v&hout SP activation 
3. 1X Dexon (known mutagen) with and without S9 activation with strains TA98, TAlOO, and TAi537. 
4. 1X 2-arninofluorene (known mutagen) with and without S9 activation with strain TAl 00 
5. 1X Sodium azide (known mutagen) with and without S9 activation with strain TA1535. . 
6. 1X 2-aminoanthracen~ (known mutagen) with and without S9 activation with strain WP2uvrA 
7. ’ 1X Methy~ethane-sulfonate (known mutagen) 4th and without S9 activation with strain WP2wrA 

The plates will be incubated at 37 f 2°C for 2-3 days. After the incubation period, the revertaut colonies on each 
plate. (test, negative and positive) will be counted and recorded The mean number of revertants will be calculated. 
Ati test niethods are described in approved NAMSA Standard Operating Procedures. 

.. Eval~tion~of Te$t Resuhsz .__ _ 
The mean number ofrevertants of the triplicate test plates will be’compared to the mean number of-rev&t&s of the 

: :. triplicate negative control plates for each of the five tester strains employed.’ The means obtaiued for the positive - 
controls are used as points of reference. 

’ 
., _‘. For a test materidl’to’be identified as a test f$ure or “potential n&tagenw there must be a 2Afoid or gieater increa&in .. . . 

. @e number of mean revertants over the means obtained f?om the negative control, for anyJaIl five tester strains. If DO. 
2-fold increase is presenf the test material is considered nonmutagenic. -- - 

: 
hi apparent “pos%ive response” wilr be confhr&d by demor&atiug a dose&esponse relationship using three 
nontoxic dose kmls of the test material: There should be a range of coucentr@ioti~that produce a linear dose- 1 . 
response.. In thk event linearity &mot be ‘established, the assay.will be-repeated with an appropriate change in dose 
IeveIs- A test material tiI1 be judged mutagenic if it causes a dose-relate4 increase in the number of revertants over - 
a ininh%m of two increa$rig dose concentrations ._ 

.- -_ 
._ 

~MO01686 :, -. .- __ .‘. ._. . . ‘- 
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Test Valid&v: 

For.any assay to be considered vatid, it must meet the following .&teri& 

1. 

-2. 

3. 

4. 

Stzr& characteristics:. &I, 5’ typhimurium tester strains (TA.98, TA100, TA1535, and TAI 537) must exhibit 
sensitivity to crystabviolet.~~ mutation), and ultraviolet light (uvrB), and must exhibit no growth on biotin 
plates, and growth on hi&iine-biotiri plates. Tester strains TA98 and TAl 00 must exhibit resistance to 
ampicillin (R-factor); tester strains TAI 535 and TAl537 mnst exhiiit sensitivity to ampicillin. Tester strain 
WP2uvrA must exhibit sensitivity to &raviQletlight, no growth on tryptophan deficient plates, growth on 
tryptophan supplemented media and sensitivity to amp&lhr~. 

.- 

. 

. 

._ 

Strain Standarh Plate Counts: A, viable count on the working culture suspensions for each tester strain (TA98, 
TAl 00, TA1535, TA1537 and WP2&-~) should not be less than 1 x 10’ CFWmL 

spot Plate lnhiiitioti Screen Each prepared extract or solubilized material will be evaluated for inh%tion or 
toxicity to the cells. A test sample that is noninhibitory to moderately noninhibitory to the tester strains will be: 
tested by the standard plate m~orporatjon method. In the event a test material is inhibitory, dilutions @I be .- 
requi&d to find a nontoxic 1eveL 

Standard Plate Inc&porati&t Assay. Eachpositive control mean must exhibit at least a 3-fold &retie over-the 
respective negative control mean of the Salmonella.tester st&n employed, aud at least a a-fold increase over 
the respective negative control mean of the E. coli tester strain. Exceptions include conditions not intended to 
provbke a mutagenic response (e.g. Z-amiuo-anthracine and 2-aminofluorine without metabolic activation). 
The negative Control resuhs.of each tester strain will exhibit a characteristic number of spontaneous revertants. 
Spontaneous reversion rates may vary, but should be consistent with the rang&‘specified (see Table II). Table’ 
II is meant as a guideline only; Negative c&r01 results for tester strains may fall outside of the range listed. 
In such an instance, the results should be evaluated with caution. 

I 

. 

i : 

_: ,; 

.. 

i 

. 

_. 

-. 

_. 
Report: ., . . __. 

A report of the resuljs ~f.the’assay will be.p&ared by NAMSA and &ill describe alLmethods used to generateand _. _ 
analyze data. The report will cbntain the bacterial tester strains empl6yed and characterization inchiding strain .ll . 
‘standard plate count, spot plate inhibition screen data, test conditions, individual and mean reversion rates (m tat&r . 

:form), evaluation ofresults and conclusions. 
. 

__ .’ 
.. .. ._ : _. :. 

. ._ 
(-&agjwme; _.. ...: .. 

-. 
. 

hispections w&be condutited & intervals adequate td assure the integrity bf the study m conformance v&h 
.’ 2 1 .CFR 58:35(b)(3). The f&al report .$ll also.& reviewed for. conformance to Section 5&l& Subpart 3, of the : ._ : 
GLP Regulations-. A Certificate of QuaIity Assurance Inspections will be provided with the fit& report 

. 

: 

.. : 

Emwiag#odicalDerScs 
c _ ._ -. _ _ .a#. _--. _ ____ _ 

* 

: 

BM001687 :- :- ._ . . i- -. 
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VOO23-21 jr”212,‘213/22 f/222/223 ‘Lab No: 

Records: 

’ Test article preparation, straiti characteristics, standard stia;rr plate counts, spot plate iuhiI&on screen dataI, stmdard 
plate incorporation assay data, and dates ofrelevant activities will be recorded. 

Ah raw data pertaining td &is study and a copy of the final report will be retained in designated NAMSA arc&e 
files, _ 

Prouosed Dates: , 

The study dates will be scheduled by the study director following receipt of the sponsor-approved protocol and 
appropriate mat&xi for the study..Initiation of the study will be the date.on which the study director signs the GLP 
protocol. Projected dates for starting the study (first tteatment) and for the coqletioa of the study (fiual report 
release) will be provided to the sponsor (or representative of the sponsor) and added to the protocol. 

References: 

Ames, RN., McCann, J., aud’yamasaki, E., “Methods for Detecting CaGnogens a~@ Mutagens wi& the 
~ahuonella/ManmaIiau-l&ic~osome Mutagenicity Test,” Mutatien,Re.s+rch 3 1, (1975’): 347-364. 

Bnxsick, D-J., VE.‘Simmon, H.S. Rosenkranq V.A. Ray;‘and RS. Stafford, “An Evaluation’of the E&er%ti~ cdi 
WP2 and WF2uvrA Reverse Mutation Assay,” Mutatiqn Research 76; ( 1980): 169-l 90. 

I 
Maron, DOTO~~Y M., Ames, Bruce NL; “Revised Methods for &e Sahnone~la.Mutageni$y Test,” Mutation Research, 
113 (1983): 175-215. 

. 

IS0 30993-3. Biological Evaluation ef Medical Devices, Part 3: Tests for ~enotoxicity,.Carcinogenicity r&d 
Reproductive Toxicity. ._ 

OECD Guideline for the Testing of Chemicals, Proposal for Replacement of .Guideb.nes 47 1 Bacterial Reverse 
Mutation Test, Document Nnmb& 47 1. 

-_ 
Ortiz, AL, M.T. PolJastrini, M. B,area, and D. Ord&kk, “Bacterial Mutigenic Evaluation oflnxabendazole, a New 
Broad Spectrum Antihelp&&, with the SaZmonella typhimurium HiSti&e and the Escheribhia CoKTryptophan 
Reversions Tests,” &Urgenes& 11 (1996): 27-3 1 _ ‘. : _’ 
Test validation, Bacterial Mutagenicity Test: NAMiA labnirmb~‘98’W0785-00. . 

: 
.- : :’ : , . . : . 

.- Protocbl Changes:~ . ._ .. . - ._ . . . . 

._ Any &an@s~ ncxessary to de p~&oco~ after &e sponsor approv& orstudy initi&on will be d&nnented~ and. 
approved by the study director as protocol arrrendrnents~’ Copies &ill bq d.istrii@d to thk spksor, the raw +a file, - 

. ; 
. .__ -__ and the’NA&fSA Quality As+r&e department. . , -. - . . -_ 

- , 
:_ : 

: . . -. : 
. -_. 

‘. 
. .. _: : :- _‘. 
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* 
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Ensuring Medical Device 
Safety and Compliance- 

December IO, 200 J ; 

. 
BILL BEASLEY 
BIOMIMETIC PHARMACEUTICALS 
16 16 WESTGATE CIRCLE 
BRENTWOOD, TN 37027 

PROTOCOL AMENDMEN- I 

Test Article: &PDGF-BB (Becaplermin - 1 mg/ml20 & NaAc B.uffer) and Vitoss Scaffold 

Identification: Lot K&%2217 and Lot 081098-146 

:-. 

Nm.SA &ab No.: OlT152670’ . .. 
.: 

We h&e received appropriate test articles and appkved protocols fir thk progkm to be conducted in &cordance with the 
Good Laboratory Practice (GLP) Regulations on the:material described above. Below is a projecied scheduIe for ihe work 
to be performed. 

NAMSA 
w z&l&. 

Vobld-130 Cyfofoxicity Study u&g the ISO Elution Method (Extract) 

TI261-300 

TI261-301 

IS0 Sensitization Test in Fifteen Guinea Pigs, 
Saline Exfracf 
IS0 Sensitization Test in Fifkm Guinea Pigs, 
Cottonseed Oil Extract 

TIZI-800 J$O Acute lntracutaneous Reactivity Study in ‘lkee Rabbits 
Saline Extract, Ccmmseed Oil Extract _. 

ilm-506 IS0 Acute Systemic Toxicity Study k I%& Mice, 
Saline Extra& Cofton.yed Oil &fraizf 

._ 
V&23-2i 1. 

_. 
Ge&toxic& Bacterial Rekse Mutatioi (k) Test, 

i -. 
!&23-i12 

SahnoneIia and E-. c&i s&air+ Saiioe Extiact 
Genotoxicify Ejacferial Reverse Mutafi’dn (&es) Test, ._ 

-: Sa@neIIa and E. coli &+ins$MSO.l%traet.~. . . . ._ 
:. -47-804 I& Su&al I&s& Impk&ation, iti ‘Ilk &bits (4 Week& 

THO35-800 With Histopat$ology 

__ : 

: 

.. Date .. . . 

?&T&p -. :' : ' 
I _- 

CC; .QA &A&A). ‘_ 
.- ._ . .. 

,- GLP studi file’ 

‘E&mated 
,. Start Date: 

Estimated Report 
Release Date: 

. Jan.8,2002 . . ,Dec. 13,ZoOl . 

Dee. 14,200l 

Dec. 17,2002 

Dee: 17,200i 

Dec. 18,201 
_ 

.. 

‘Dec. is, 2001’ 

Jan. 25,2?W2 .- 
: 

Jan; 8,2002 

Jan: 8,2002 ‘._ 

JaI-L~~5,2002 : : . : . : 
J&?52~. -.’ .. ,- . . 

._ .. -- . - 
: : 

._’ 

_  . __.  

: 

: ._ 
’ 

._ ._- 

_: .-. 

. . ;: _. _- 
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SAMtiEL LYNCkl;M.D. 
BIOMlMETIC I’HARMACEUTkALS 
16 16 WESTGA-IX CIRCLE 
BRENTWOOK, -I?+ 37027 

: .- 

. 
PROTOCOL AMENDMENT II 

Test Article: 

Ide&ifi&tioon No-: 

Protocol: 

NAMSA Lab No.: 

rhPDGF-BB (Becaplermin - 1 mghd:20 mh4 NaAc Buffer) and Vitoss Scaffold 

Lot #QA221? and Lot OHOk-146 
.- 

VOO14-130 Cyto~o&it’y Study using the IS0 Elution Method (Extract) 
TI261-300 IS0 SezlsitizationTest in Fiken Guinea pigs (Saline extract) 
T1261Y301 IS0 Sensitization Test in Fifteen Guinea pigs (Cottonseed oil extra&) 
TXW-800 ISO Acute Intracutaneous ReactivityStudy in Three Rabbits 
TI264-500. IS0 Acute Systemic Toxicity Study in Five Mice 
vOO23-2 11 Genotoxicityz Ba&rkI Reverse Mutation (Ames) Test (Saline extract) -_I._ 

VqO23-212 Genotoxicityz Bacttial Reverse Mutation (Ames) Test (DMSO qtract) . 

O iT 15267 00 . . 

w arnemlment was written to clarify the prep&ation of the test article. *_ 

The two components of the test article must be combined just prior to extrktion preparation. To do this, a l:l.ratio 
of Vitae (in grams) to rhPDGF-BB (ii ml’s) will h5 prepared- For ~Wnple, a 2. g poition of the ChronOS will be 

: saturated with 2 ml of the rhpDGF+ If the f?oz,en rhPDi?F-BB is used, it must first be thawed prior to the 
preparation. 

The resulting rui~ture will tbett be zised for the extraction preparation (i.e. weight of & prepad test art&A tb 
: Lolume of Wradtioti vehicle). 

I ._ ,. -’ . ._ .. 
:. : ._ : 

j .. :.. . . . I . . . 

_’ : ._ . . .: _.__ . . . ’ _- .. 
_; -. ‘. ._‘. 

I .: - ‘. . : . . . 
. ‘.. ; 

._ i 

.. _‘, _’ .. 
_- l&[* ;o;.nb,. ._ -:‘- ] ‘. 1 

: ._ 
-., :-..- : ‘:. .Y. ._ 

, 
Date. .- . . ._ . .’ ,_ ._ 

‘_ 
: -- .‘... - 

cc: N&ISAQAU -_ : , 
GLPstyiyfiIe .- ,; :_ 

. -. ._ .: 
.._ L -. -’ _ .: . : _ 

_ 
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Ensuring Medical Device 
Safety and Comptiance- 

January 8,2002 

BILL BEASLEY 
BlOMIMETlC PHARMACEUTICALS 
1616 WESTGATE ClRCLE 
BRENTWOOD,TN 37027 

REVISED’ 

Test Article: 

Identification No.: Lot #Q/X2217 and Lot 081098-146~ 

Protocok VOOZ4-130 Cytotoxici@kudy using the’%0 &ion Method (Extract) 
TJ261-300 IS0 Sensitization Test in Fifteen Guinea pigs (Saline extract) 
TI261-301 IS0 Sensifization Test in Fifteen Guiirea pigs (Cottonseed oil extract) 
T1251-800 @ O  Acute Intracutaneous Reactivity Study in Three Rabbits 
TI264-500 IS0 Acute Systemic Toxicity Study in Five Mice 
VOO23-211 Genotvxicity: ‘Bacteria! Reverse Mutation (Ames) Test (Saline extract) 
VOO23-2 12 Genotoxicity: Bacterial Reverse Mutation (Ames) Test @MS0 extract) 

NAMSA LabNo.:. 

PROTOCOL AMENDMENT IT 

rhPDGF;BB (Becaplermin - 1 mg/ml20 m&f NaAc Sufk) and VitossScaffold 

.. 

O lT 15267 00 

This amendment was written to clarify the preparation of the test article. 

The two components of the test article must be combined just prior to extraction preparation. To do this, a 1: 1 ratio 
of Vitoss (m grams) to rhPDGF-BB (m ml’s) will be prepared. For example, a 2.g portion of the,Vitoss* will be 
saturated with 2 ml of the rhPDGF. Lf the tiozen rhPDGF-BB i‘s used, it must first be thawed prior to the .. I 
prefiaration. ’ 

The resuhmg mixture vk1 then be,used for the extraction pm&ration (t.e. weight of tbeprepared test article to .. 
)-. I volume of extraction vehicle). - 

__. . . .e’ 

_. _. ._ 
,* This amendment was revised- to correct the sponsor name and address, and‘ to correct the name of the Vkorq in the 

:: 

second paragraph. _.’ : 
“ 

. -I -. : - 
: 

._ ’ 
,. 

.- 

‘_  .: 

: . . . : -. -. 
.’ . . :. 

. . _. -_. ._ ‘_. . . __ 7: . . ’ . . . ‘. . - . ,. 
:.. 

cc: NAMSA GkU IBMOCH691 
C&P study file 

:.. .. : _- : ._ 
_ . . 
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Collficiential : . -. .. L&No: 01T 15267 00.’ 

-voo23-212 
=. 

P.O-No, dl-low 
GLP 

f 

GENOTOXlCITY: BACTERIAL REVERSE MUTATION STUDY 

@MS0 Extract) 
-_ 

: 

. TEST ARTICLE: 

rl&DGF-BB (Beiaphmii~-1 mg/ml20 mM NaAc Buffer) tid V&i SkfXold - 

ITIENTIFICATION NO.: 

.Lot #QA2217 and Lot 081098-146 

.I .- 
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.voO23-212 ._ -. i&No.- OlT 15267 00’ . . : 

SUMMARY -, 

I 
: : 

A Mmor&i~a’@phim&m and ‘&cherkhia coli reverse mutation standard plate incorporation study was condvt$ed 
to evamate whether a dirnethyl sulfkide extract ofrhPDGF-BB @3ecaplermiu - g mg/mI 20 mM NaAc Buffer) and 

I 

Vitoss Scaffold, Lot #Q42217 and Lot 081098-f46, would cause mutagenic changes in fhe average number of 
revertants for histidinedependent SaImOneZ~a @phimurium strains TAFS, TAIOO, TA1535, and TA1537, and in 
uyptophau-dependent Eschekichia c&i strain WuvrA in t-he presence and absence of S9 metabolic activation, This 

I. 

study was conducted to satisfy, in part, then genotoxicity requirement of the International Organization for 
Standar~tio~: Biological Evahration of Medical Devices, Part 3: Tests for Genotoxicity, Carcinogenicity and 

. . ReproductiveToxicity. -- i 
: 

I 
The dimethyl sirlfoxide test article &r&t was found to be noninhiirtory to growth of tester &a&s TA98, TAl 00; 
TA1535; TA1537, and WP2uvr& Separate tubes containing 2 ml of mohen top agar supplemented with histidine- 
biotin solution for the S. iyphimurium strains and with *tophan for the E. coli strain were inoculated with 6.1 ml 

I 

of cuhure for each of five tester strains, and O.l.ml of the diiethyl’suifoxide extract A 0.5 ml aliquot of sterile 
Water for Injection or S9 homogenate, shrudating metabolic activaticn, was added when necessary. The mixture 
was poured across triplicate Minimal E plates. Parallel.testing was also conducted with a negative control and five 
positive controls. The mean number of~revertark of the triplicate test plates was compared to the mean number of’ 
revertants of the triphcate negative controi,plates for each of the five tester strains employed. 
for the positive controls were used r& pqints of mference. 

The means obtained 

.;: - ‘. 

. 

Under the conditions of this assay, the dimethyl sulfoxide test art$le extract was considered to be nommitagenic to 
Sakonella typhimurium tester strains TA98, TAf 00, TA153,5, and TA1537;and to Esrqherichia coli strain 
WP2uvrA. The negative and positive controls performed as anticipated. The results of this study should be. 

I- 

evahrated in conjunction with other required tests &s listed in IS0 10993, Part 3: Tests for Genotoxicity; 
Carcinogenicit$ and Reproductive Toxicity- 

Study and Supervisory 
t Personnel: Sally C. Ahmed, BS 

Deedee M. Davis, BA 

I. 
: Suzanne E. Brimacombe 

Lionei D. ‘Brock, BS 
Laura L. Tame, BS, ALAT 

I. 

Cherise M.:McCoy, BS 
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: 

I. 
.I 
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vOO23-212 - LabNo, OlT &67-00’ 

INTRODUCTION ‘_. . 

A Zidmonella ~himurium and Escherichia coziieverse mutation &.&lard ilate incorporation study J+& conducted 
to eduate whether. a d&ethyl sultfoxide test article extc+ would cause muta$mic &h&g? & the average m&ber 
of revertants for Salmonella typhimwium tested s&&s TA98, TA-1 @J,- TA 1535, and TAI 537, and Eiderichia coli 
tester strain WP2uvri in’the presence tid absence ofS9 metabolic activation. This ti was conduct& to satisfy, in 
part, the requirements of the International Organization for Skmdardizatio~~(iS~) 10993, Part 3: Tests for 
Genotqxicity, Carcinogenicity and Reproductive Toxicity. Bacterial reverse. tiutation tests have been widely used- 
as rapid screening procedures for the dete&ination of muolgenic and potehtiakticinogenic haz+Is. The test a&& 
was received on November 20,200l and Decem@er IO, 2001. ‘III+ prelimina~$ toxicity s&en: began on 
December 18,2001, and the testing ended on December 20,20Of., 

The +dy, initiated by protocol signature on December 14.2001, was con+cted. in acc&dance.&th the prkvisions 
of the FDA Good Laboratory Practice (GLP) Regulations? 2i CFR 58.‘ A Certificate of Qualit$Assurance 
Inspections was issued with this report 

MATERIALS‘ _- 

The s&ple provided b9 the sponsor was identified and hkikd as follows: 

Test Article: rhPDGF-BB (Becaplermin-1 mgIml20 mM N&c. Buffer) and v’itos$ Scaffkd 

~Identification No.: Lot #QA2217 and Lot 081098-146 

Stability Testing: In Progress (per sponsor) 

Expiration Date: Stabkfor duration of intended testing (I;er &onsor) 

Storage Conditions: rb.PDGF-BB - Refrigerated 
Vitoss Scaffold - Room temperature 

Vekie: D&ethyl sulfoxide (DMSO) 

Preparation: A 110 g portion of Vitoss Scaffold was saturated with a 1 .Oml portion of 
rhPiJGF @mediately prior. to adcimg the vehicle. Based on the USP ratio Gf 4 
gz20 ml,. a 1 .g g portion of the prepared test article was cov&ed.with 9.5 ml of 

: DMSO. A Sir&e preparation was extrac?eci at room te&peF for:7? hduys. 
Vehicle iv&out test material was sim$arly subjected to the.extractidn . 
conditions for use as a negative control: The test.extract and negkti~e’control 
were decanted. .’ 

: P. . . . 
Test ControJ : 

Condition of kxtracts: .. _ Gdy _. .clear -. 
_: .- 

. > 
: 

_. : 
: 

._ : ._ . . : 
* 

. ._ .- 
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VOO23-2 12 Lab No. OlT 1526700 : 

MEZHODS 
: 

Test S&em: : .- . 

.- 

Eachi Salmonella fyphibmrfum. tester strain CO&SIS a specific mutation in the histidine operon aud other mutations 
that increase their ability to detect mutagens. In addition, the Escherichia coli contains a specific mutation in the 
uyptophan operon, anda dehztiou in the UW,~ gene. These genetically altered S. typhimurium strains (TM.8, 
TAl 00, TAl535, and TA1537) and E. coli strain (WF%vrA) cannot grow bi the absence of hi&line. or tryptophan, 
respectively. When placediu a histidine-free (for S. typhimurium) or tryptophan-free (for E. colj) medium; only’ 
those cells which mutate spontaneously back to their wiId type state (histidine independent by manufahg their 
0~ histidine, or tryptophan independent by manufacturing their own tryptophan) are able to form colonies, The 
spontaneous mutation rate (or reversion rate) for any one strain is relatively constant, but if a mutagen is added to 
the test system, the mutation rate is significantly increased . . 

‘Tester Strain Mutations/Genotypic Relevance 
S. typhimtuium TA98 hisD3052, rjfa, uvrB, frame&ii pKMlO1 

i 
S. typhimurium TAlOQ 
S typhi&rium TA1535 
S- &vhir+um TA1537 
E. coi~wP2uvrA 

hisG46, &, uvrB, missense, pKMlO1 
hisG46, r&a, uvrB, missense 
hisC3076, $a, uwB, fi-ameshifl 
trpE65, wrA, missense 

c+J = causes partial loss of the Iipopolysaccharide wall which increases p&tueabiIity of the 
cell to large molecules (i-e., crystal vioiet inhibition) ._ 

uvrBor uvrA = 
fiameshift 

deficient DNAexcision - repair system (i.e., ultraviolet sensitivity) 
= base-pair addition/deletion 

miss&e = base;pair substitution 
pKMlO1 = plasmid confers ampiciIIiu resistance m-factor) and enhances sensitivity to mutagens 

Metabolic Activation: 

Aroclor 1254 - induced rat liver (S9 homogenate) was used as metabolic activation. The S9 homogenate is prepared 
from male, Sprague Dawley rats. The rats are induced w&one irmaperitoneal injection of Aroclor 1254 
(500 mg/ml) 5 days prior to sacrifice. Just prior to use, the S9 homogenate was mixed with a buffer containing 
0.4, M MgCI#;65 M KCI, 1 .O M GIucose-6-phosphate, 0. I M NADP, 0.2 M sodium phosphate buffer, .and sterile 
Water for injection. . . _ . 

. . 1 ;. .a- Preparation of Tester Strains: . 
I : . ._ 

: Cultures of Sdmoneila typhimwlum, TA98, TA 100, TA1535 and TAl537, and Exherichiq coli, WI%&,& we& .- . . 
inoculated to individual Erleumeyer flasks containiug oxoid broth. Theinoculated broth cuhures were incubated I .‘- 

. overnight at 37 f 2°C in an incubator shaker operating’at 115-125 kpm for lo-12 hours. :. . . ‘, 
Negative Control: : . 

DMSO (vehicle without test material) was tested with each tester strain to determme the spontaneous reversionrate~ 
Eachstrain tias tested with and without S9 activation. -These data represented a base rate to which the~nuruber of 

’ - 
. 

_ revert& coIonies that developed in each test plate were compared to determine whether the- test article had 
significant mutagenic properties. j ’ : - 

:: _ .- I _- _ . 
BM081697 
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Positive Control: 

A known mutagen, Dexon (paiadImethylaminobenzeae.diau>su~o~ acid SO~~UIII salt), was used as a positive -. 
control to demonstrate that tester strains TA98, TAI 00, and TA1537 -were sensitive to mutation to the wild type. 
state. For tester strain TAl535, sodium &de was used as a positive contro1. For tester straiti TAlOO, _ 
2-aminofluorene was also used as a positive control. For tester strain WP2avrA, 2-aminoanthracene and 
methyimetbaqe-sulfonate were used as’positive controls., Although metabolic activation.was only required with 
2-aminofluorene and 2-aminoanthracene to induce mutagenic results, al3 positive controls were tested with and 
without S9 homogenate. 

Strain Characteristics and Strain Standard Plate Counts: 

Strain characteristics were verified and viable counts were determined. 

Spot Plate Inhibition Screen: 

The DMSO test article extract was evaluated by a spot plate technique, modeled after the antimicrobial zone ,of 
inhibition test This screen was used to evaluate the toxicity of the extract to determine whether dilution of the 
extract was required to provide an extract noninhiiitory to the Salmonella typhimwfum or to the Escherichia coli. 

: 

1 

Separate tubes containing 2 ml of moiten top agar supplemented with histidine-biotin solution for the SkmoneZla ,. 
ryphimurium and tryptophan for the Escherichiu.coli were inocuiated‘with 0.1 ml of cuhure for each of the five 
tester strains. After mixing, the agar was poured across the surface of separate Minimal E plates labeled with lab 
number and appropriate tester strain. .Once $he agar solidified, sterile filter discs were.pIaced in the centerof the 
plates. A 0.1 ml ahquot of the DMSO test article extract was added to the filter discs on each of fhe labeled plates. . . 

‘Parallel testing Was conducted with a negative control, and to demonstrate a positive zone of inhibition, 10X Dexon 
Was utilized. 

The plates were incubated at 37OC for 2 days; Following the incubation period, the zone of growth inhiiitmnwas 
observed and recorded. Only extracts that-were noninhibitory to the tester strains were tested by the standard plate 
incorporation method. 

Stand&d Plate Incorporation Assay: 

Separate tubes containing 2 ml of molten top agar supplemented with histidine-biotin so&ion for the Saimcmda 
typhimurium or with, tryptophan for the Ekcherichia coii were inoculated with 0.1 ml of culture for each of the five 
tester strains and O.,l ml of the DMSP test artic!e extract.’ A. 0.5, ml aliquot of SWI or S9 homogenate, simulating 
metabolic activation, was added when necessary. The mixture *as poured across triplicate Minimal E p!ates labeled 

: . with Iab number, approprkte tester strain,.and S9 metabolic activation (when applicable). Parallel testing was al& 
conducted with a negative control and five positive controls. 

I .’ 

-His$dime-free media plates (for S. typhimurium) and tryptophan-free media plates (for E. coli) were prepared m .: 
triplicate as follows: 

._ . . 
_._ 1: DMSO test article extract with and without S9 activation 

2. Negative control with and without S9 activation 
3. I_. 1X Dexon (known mutagen) i&h and without S9 achation with strains TA98, TAlOO, and TAl537 
4. 1X 2-Aminofluorene.( mutagen) with and w&out S9 activation with strain TABOO 

: .;.I . 
-. ‘1 

5.. 1X Sodium:azide (known mutagen) with and without S9 activation with strain TA1535 : 
: 6. IX 2-Aminoanthmcene (knownmutagen) with and without S9 activation with strain wp2wrA ‘. ... 

.7, . IX Methylmethane-suffonate (known mutagen) with andwithout S9 activation with straiu kP21&4 I_ : .’ : _. .-- 
1 “’ * 

.- BMOOI 698 
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,TABLE I 
. I 

STRATN CHARA~RISTICSAND STRAIN STkDARD PLATE COUNTS :- . . .. 
.. ._ 

(No Growth) t I I 
L-tryptophan NA NA NA NA NG 
(No Growth) 
Purity PURE PURE PURE PURE PURE 
o?ure) 
Total Plate Count CFU’s (10-q .. 12 72 159, 6’7 280 , 

.14 89 162 85 290 
Mean 13’ 1 81 161 76 f 285 

Titer (Organisms/ml) 1.3%10* f- 8.1~10~ / 1.6~10 I7.6~10’ 2.9 x lop 
* 

R = Resistant S = Sensitiye ‘Nb = No Giowth G = Gr&h NA = Not Applicable 
: __ 

.. 

: . . . 
.. ‘_ .. 

. . 

: 

I 
. . 

. 
,. 
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. _- 
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TABLE II 

SPOTPLATE INHIBl-lXIN SCXE& tiTS 

1 Zone of Inhibition (&in) I 

I- 
. I 

TA98 TAlOO TAI555 TA1537 wp2uvrA 
ontd 0 0 I 0 1 0 d DMSO negative c 

f I I’ I 
DMSO test article extract 1 0 0 

I I 4 

Dexon positive control 
.o .. 

I .45 39 I I .- I 26 

. . . 

__ - i 
._ 

. 
__ .- 

.I.. 
. . : 

-.. 

: 

. 

.. 
: 

. . 

-_ 

. : 

. . ._ 
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TXBLEIII 
: 

STAl$HRD PLATE INCORPORATION ASSAY - REVERSION RATES FOR TESTER STRAINS I- 

test article. 
exmictiv/os9’ 42 1 \ 165 
DMSO I 43 I I 143 
test article 

1 1 
I 

Mean CFTP Mean 1 CFTF 1 Mean 
I I 

1 
11 I 9 I I 21 

10 8 24 
10 6 ' 28 

193 11 11 6 6 27 

:  -. 

CFTP = ‘Counts itom tripliczit~ plates Mean = Mean +riplicate plates 
*Negative control for SP tPosilive control for S9 

. 

= Not Applic&l~ 

. r _ 
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This term is used for nopciini~l stucfid to tys conducted &cdrding to- FDA G&d Laboratory PG@c~ Regu(atiot’6 
of 21 CFR.paa 58. Coqjpletjoniof this form iden$fies material thrn will be Ssttd.M a Fh%mA Master %h?riule - ._ “ 
Sheet available for FDA inspeciion. All information requeste$ must be &bmit%& to NAMSA before testing r-nay -. 
begin. .* 

4. Stabikty: The-sponsor assures ihat the above material has been characterized .fo; id&tity. str&g!h, . = 
purity and composition a’s requited by subpart, F section 58.105 (rei’backl.’ .Stahilir/ .testing Is’the -- 
responsibility of the spansor and is subject to FDA audit; pfea’se indicate one @-the following: 

is in progress: article is &table for duaiion’of @ended testing. ., 

- St&ility testing is complete and on file with sponsor. ExpicationWC%%e: ‘.‘a. ..,:i’ s _ 
: 

: :. 
.‘> 

5. Disposition: DiscardlDestroy-: R&m to Spon$or& Ret.&‘- y-($4 ~~.ttuditt !pnp~r thvr 28 deyr 
L_ . . 

B. Control Ardcls WrWted By-Sponsor. NO -xi ; ves-, - Identific&ion: I-. . . : -._ 
t. 

2.. 

3: 

4. 

-. 

5, 

BatchlCode!Lot (circle.one) identifiqatjon: “<a. .- .$ / . . . ..f ../I- C.’ q -‘:A. 7:~~“2.. . 
Storage Conditions: Floom.Temp .-; Reffig.-. - Fr&xer<; Or&r: 

..-. 
Handling and.&f&t$.P&ati?ipns:- . 

: -. ‘_ ; __ . 
?: I - . z 

:.. 
Stability: Cha&erizati& and #abitiry’inforrnation as’above are atso’&$ired.~for control arJick?S. * .. . : . 

:. : 
. . 

Stability te&g is en progress;. article is stabie.for &&ion of ‘i&etic?eci te,S&$ : 
yStability testin@ is complete and oti.lile with spdnsor.. Ew@&ofl  D&k: ’ ’ 
,Marketed product‘stability characterized by iv label@. . . ; ‘. . .__ f ‘_ 

.+- 
&posi,tion: Discdrd/Desttoy-; Ret&n to Sponsoc&: Retain*_, :11slsv;rod fyriudi- 17” ti% 29 vti 

. 
I_ 

:_ : 
..C. ‘&%&es of te%t oi control articles. v&h car&& require an&is ‘to demtinstratk proper concentr@O%~ _ ._ 

homogeneity’ and .stabilit*L Sponsor wili provide anatytical Tetho$-, : 
. representative aiiiuots provided by fJAMSA-. 4 

* of &!I-, perform ..analySiS on 
. . _’ 

NAMSA cost Estimate No.’ /6~~L&!- 7” ( or ,attach list-of tests} &onsor!s PO No. 1 . ..- 
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suonsor. 

Bill Beasley 
BioMiuietic Pharmaceutical Inc. 
1616 W&gate Circle 
Brentwood, TN 37027 

Test Facilityz 

: 
North American Science Associates, Inc. (NAMSA) 
226 1 T&y Road 
Northwood, OH 43819-1397 
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j A~~prov&: 
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NAMSA’” GLP PtiOl’OCOL ‘X23 , 

GENOTOXKITY: BACTERIAL REVERSE MUTATION STUDY 

Pumose of the Study: 

The purpose of the study is to evaluate whether an extract of the; &st material or a solubilized mat&al will cause 
mutagenic changes h a tryptophan-dependent drain of Escherichia coli or in one or more strains bf h&dine- 
dependent Salmonella @phimurium in the presence or absence ofS9 metabolic activation. The Bacterial Rev&e 
Mutation Study will be use! as a rapid screening procedure for the determination oimutagenic and poteptial 
.carcinogenic hazards and shouId be used in conjunction with other. tests that characterize potential genotoxicity 
properties. This stii$ will be based on OECD guidelines and .the requirements of the Intern&o&f Orga.n+tion for 
StandardCation: Biological Evaluation of Medical Devices - Part 3: Tests for Genokoxkity, Carcinogenkity and 
Reproductive Toxicity. 

This study wiu be cqnducted in acckdance w&the requikments of the FDA Good Laboratory &actice (GLP) 
Regulations, 21 CFR 58. 

Test Article: 

The sponsor will submit the mate&l to be tested. Detailed information about the test sample wili be provided by the 
sponsor on the GLP Compliance Notikation form fknished by NAMSA or on a similar attkhment to the protocol. 

The following is to be completed (with initials and dates in the mar&) by the spksor or study director. ,Fur&er 
._ instructions may be attached to the protocol. The sample will be prepared as follows; 

.Test article ibrm 

oluble material (solid or liquid) - com$ete “Preparation of Soluble Material” 
material - complete “Preparation of Extract” 

.- Other (specify) 

Preparation of Exkact (for insolible materials) -. 

Ra&o bf test material tovehicle: 1. , : 
‘, : 

I Mat&al thickness LSS than 0.5 m Fe ratio of 126 cm*:20 ml . 
: ,Material thickness greater than or eq&l to 6.5 -‘we rat& of 60 c&20. ml 

.: .- : 

I// Irregukulyshaped objec@and/or sponsor option, use r&o of4 g:20 ml 
, 1 ’ 

__ ‘Oper(ycify) . 
_. : 

__ _... . 

:_ ..- 
: .- 

- . 

95%etha~ol.(Et&)** 1 
_. . -_ :.._. 

Other (specify) . 
. .._ .- : / .’ ._ . .: 

*Dimethyl kulfotide can be extra&i’ at 37”Ci~k 2°C f&,24 hours, but room temperature ftir.7i’ hours i$ 
recommended. : 

**95% ethanol can only 6e extrackj.at room temperature (v&ious time can be used). 
._ w 

._ .- . :: 
BMOOl705 . 
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3. Conditions (use &ksi temperature that will not degrade material): 

.--...e l21”C, 1 -hour 
7Q”C, 24 ‘hours - 

z- 
50°Cj 72 hours 

L/. 
3?“C,24hours-SSUit);~ o”Jj’ 
room temperature, 72 hours - D/+QJ on I 

Other(specify) Y - 

Preparation of Soluble Material: 

1. __ Solid: 
_-- 

One gram of the sample will be transferred to a 10 ml volumetric flask Varioussized flasks may.be used to 
accommodate nature of test material utilizing i 00 r&ml or 10% w/v. Appropriate vehicle (specified below) 
.will be added (q-s.) to the 10 ml (or appropriate) demarcation to achieve 1 $ro mg/rnl or a 10% (w/v) solution of 
thematerial. 

One milliliter of the sample will be tra&ferred to a 10 ml vol&tric f&k. V&ous sized flasks may be used I .. 
to accommodate nature of test material utihzing 100 mg@.l or 10% v/v, .Appropriate vehicle (specified below). 
will be added (q.s.) to the 10 ml (or appropriate) demarcation to achieve 100 mg/mI or a 10% (v/v) solution of _. 
the material. 

NOTE: GLP re&ations 2 1 CFR 58.113 r&&es concentration analysis and stability’ determination for 
mixtures w$h carrier% 

VehicleS: 

- 0.9% Sodium ChIoride for Injection, US& 
- Dimethyl sulfoxide (DMSO) 
~95%ethanol(lBOH) 
__ Other (specify) 

All preparauons of soluble materials will be performed the’day of test. In me event the material does not completely 
dissolve at these concentrations, serial dilutions will be prepared.. The highest possrble. concentration that achieves 1’ 
completedissolution of the material will be used for,testing pmposes. 

Test &stem 
_ ., _. 

. . . . 
. 

Each S. iyphinruri~ti te&er stiaig cent&s a s&c& mutation in the’histidirie +&on gnd&er mutations ihat 
-increase their ability to detect .mutagens. The &. cqli strain contains a mutation in the tryptophan operon ti a 

’ ._ 
. . 

deletion in the uvrA gene. These genetically’ali S. ~I&rn~&~ .&a&s (TA98,~TAlOO, TAl535, and TA1537) ‘.’ 
and E.: c& strain (WP2urirA) cam$t grow in the absence of hi&ime.or tryptophan, respectively. When placed in a 
hisfidine-free (for 5’. ~~I~imuti~m).‘oi tryptophair-free (for & co@ medium, only those cells which mutate 
sp6r&meoSf~ back to ,their wild type St&e. (his&&e independent by manu’fkctxiring their CM& l&hi&,’ or. 

. . . 
: : _ 

tryptophan independent by mamrfacturirig their own tr$ptopha$ are abie to form coionies~ The.spontaneotx~ .. ;; 
mutation mte(or reversion rate) for any one strain. is relatively constant; but if.a’mutagen is added to the test system, ‘. 
the mutation rate ‘is significantly increased, 

: 
._ , . .-- 

,_ ‘> 
- 1) 

:. -. : 

: 
, . . .: ._. . -. page.3 of-7 
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Tester Strain 
S. typhimurium TA@ 
$. typhimurium TAiOO 
S typhimurium TA1535 
S. typhimurium TA1537 
E. coli WP2uwA 

MutationsJGenotvpie Relevance 
hisD3052, rf, uvrB, fkwxe&ft, pK.M 10 1 
hisG46,‘$2, I&B, r&sense, pKM 10 1 
hisG46, @ii, ttvrB, m&sense’ 
hisC3076, $i, uvrB, fkaxkstifi 
trpEdS, uMiQ, missense 

ti = causes partial loss of the lipopolysaccharide wall which increases pernkab@y of the 
cell io lirge moleculei lie., crystal violet inhibition) 

tivrB or uvrA =- deficient DNA excision -,repair system (i-e.; ultraviolet sensitivity) 
fhmeshifl = base-pair addition/deletion 
missense = base-pair substitution 
pKMlO1 ‘--= plasmid confers ampicillin tisistance’(R-factor).and enhances sensitivity to plutagens 

. : . 

Metabolic A&v&on: 

QWcIor 1254 - induced rat,hver (S9 homogenate) will be used as metabolic activation The mat&iai is prepared 
tiommale, Sprague Dawley rats. The rats are induced wkh one intraperitoneai injection of Aroclor 1254 
‘(500 mgJml) 5 days prior to skrifice. The S9 homogenate is purchased from Organon Teknika Corporation, 
Box 15969, Durham, NC 27704-0969. Just prior to use, the S9 homogenate w@ be mixed iwith a buffer containing 
0.4 M MgC&/1.65 M KCI, 1.0 M Glucose&phosphate, 0. i M NADP;O.2 M sodium phosphate bnffer and sterile 
water. 
_- .’ _ x 

Preparation of Tester Strainsz 1. 

t.kbures of Saln&ella typhimurium, TA98; Tb;.l6O,~TAl535 and TA1.537, and Escherichia coli, WP2uVrA;will be 
inoculated to individual Erlenmeyer ffa$cs containing oxoid broth. The inoculated broth cuhures. will be incubated 
overnight at 37 f 2°C in an iucubator shaker op’erating at J15-325 rpm for IO-12 hours. 

Prenaration of Negative Control: 

Negative control (vehicle without test material) till be utilked for’each tester strain with and without S9 activation. 

Prenaration of Positive Controk 

A l&own mutagen, Dexon @aradimethylarninobenzene d.iazosulfonic acid sodium salt); will be used as apositive’ i 
-; _/ .. control to demonstrate that tester strains TA98, TAlOO, and TA1537 are sensitive to mutation to the wild tyPe state. 

-.: For tester strain TA 1535, sodium azide will be used as a positive control, For tester strain TA lOO,2-aminofluorene . 
.’ ~ i ’ . .wil! l+ u+cd as a positive control. For tester strain WP2uvnA, 2-qnboanthtxene and methyhnethane-sulfonak will 

be used as positive controls. Although metabolic activation is only required with 2-amipofluoreneand 
_ ..2 gninoanthracene-to induce mutagenic resuhs, all posit+e controls~l be tested with and without S9 homogen@te. - .‘. ._, ._‘. : . . . ‘_. : _. 

_. Str& kharactetistics and St&n Standard Plate Counts: , ._. : 
._ _ 

._ ‘.. -_ .. ._ 

- Stkinch~acteristics will be verified and viable counts will be dete&ed. 
._. _’ : . . . : _.. 

’ . Snot Plate Inhiiition Screen: 
* 

. : ._- 
). ..: : _- __’ - .. __ ‘_ . . .’ 

The extract(s) or sclubihzed materi&(s)‘and negative control(sj will bk evaluated by a spot plate tech&+ modeled 
after the ant+&robial zone of i&@&ion test. This screen is used to evaluate extract or solution concentrations for 

:. ’ _; 
.. ‘_ 

ioxicity which are mhdi~ibitory to the Sal~onelia’strains and&e E. co8 strain. ,. . _._ 
. _- 

: Separate tubes containing 2 ml of molten top agar supplemented v&r histidine-biotin (for X typhimurfum) or with 
pryptophan (for E. ~019 will be inocuiated &th 0.1 r$ of culture for each of&five tester strains. After mixing, the ‘I . . . 
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agar Gill be poured a&ss the surface of separate Minimal E plates labelect with lab number; appropriate tester 
striin, and dose level (when necessary). Once the agar sohdiies, sterile Jilter discs will be placed in the.center bf the 
plates. A 0.1 ml aliqnot of the extract or sohrbilized material \Ivlil be added to the fifter discs on‘ea&of the labeled 
plates. Parallel testing winll be conducted with a negative control. To demonstrate a po&ve zone of inhibition, 1 OX 
stock Dexon will be used. ’ 

The plates will be incubated at 37 rt 2°C for.2-3 days. Follow+g the incubation period, the zone of growth 
inhibition will be recorded. If significant inhib$ion of the background lawn oceursi the extract or solubifized~. 
material concentration will be adjusted by preparing one or more dihrtions and repeat& the inhibition screen to fmd : 
a nontoxic level. 

Standard Plate Incornoration Assay: _L 

Separate tubes containing 2 ml of molten top agar supplemented with histidine-bioti soIution (for S. ryphimur&) 
or tryptophan (for E. coiz) will be inoculated with 0.1 ml of culture for each of the five tester strains, aud 0.1 ml of 
the test material. A 0.5 ml aliquot of SF or S9 homogenate, &nnlating metabolic activatiom @I be added when. 
necessary. The mixture will be poured across triplicate Minimal E plates labeled with lab number, appropriate tester 
strain, and S9 metabolic activation (when applicable). Parallel testing wiil be conducted on a negative control and 
five positive controls, ’ 

~istidine-fIiee media plates (for S. typhimurium) and tryptophan-free media plates (for EC cSo:oli) will be prepared in 
triplicate as follows: 

1. Extract or solubilized material with and without S9 activation . 

2. Negative control with and without S9 activation 
3. 1X Dexon (known mutagen) with and without S9 activation with s&&r TA98, TAl 00, and TAl53a 
4. 1X 2-amiuofhrorene (known mutagen). with and without S9 activation with strain TAl 00 
5. IX Sodium azide @n&n mutagen) with and‘without S9 activation with stra& TA1535 
6. IX 2-aminoauthracene (known mutagen) with and without S9 activation with strain WP2uwA 
7. IX Methylmethane-stionate (known mutagen) with and without S9 activation with strain wP2uvrA 

Theplates will be incubated at 37 f 2”C,for 2-3 days. After the incubation period, the revertant colonies on.each , 
plate (test, negative.and positive) will be counted and recorded. The mean number of revertants .will be calculated. 
All test methods are described in approved NAMSA Standard Operating Procednres. 

: 
. : 

Evaluation of Test Results: 
, . . 

: 

The mean number of revemts of the triPlicate test plates will be con&red to the mean number of reverta&.of the . ._ 
triplicate negative controI plates for each of the five tester strains employ& The means obtained for the Positive .v 
controls are-used as points of reference; 

. 
,..( 

For a test material to be identified as a test failure or “potential mutagen” ~&&must be‘s 2-fold or greater increase&~.’ ‘- 
the number Of mean revertants over the means obtained from the negative control,’ for .&tyIali five tester s&ins. if no 
2-fold increase is present, the test material-is considered aonmntagenic. 

.-__ . 
. : _: )_ ._ 

Any apparent ~po~itive response” till be confhmed by demonstrating a dose-response relationship u&g three .’ 
nontoxic dose levels of the test material, There shouf;d be a range of concentrations that’produce .a linear dose- .. 
response. In the event linearity c&mot be established, the assay will be rep&ted with ad appropriate change in.dose 

.: .’ .. 

bevels. A test material will be judged mutagenic if it causes a’ dose-related increase in the number of revertants oyy. . . . 
a minimum of two increasing dose concentrat&ns. 

. 
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Test Validity: 

For any assay to be considered valid, it must meet the following criteria: 
. 
1. 

2. 

3. 

4. 

Strain characteristics: All S ryphitiurium tester strains (TA98, TAI 00, TAI 535, a&l TAI 537) must exhibit 
sensitivity to crystal violet (flea mutation), and, ultraviolet light (uvrB),.and must exhiiit no growth on biotin 
plates, and growth on hi&dine-biotin plates. Tester strains TAY8 and TAIOO must exhibit resistance to 
ampicillin (R-factor); tester strrins TAlS35 and TAl537 must exhibit sensitivity to ampicillin Tester strain 
WP2uvrA must exhibit sensitivity to ultraviolet light, no groti on ttyptophan deficient plates, gro+ on __ 
tryptophan supplemented media and sensitivity to ampicillin 

S&am Standard Plate Co&s: A viable count on the working culture suspensions for each tester strain (TA98, : 
TAiOO, TA1535, TAi537 and WP2r.0~4) shouldnot be less than 1 x 1O~ClWml. 

Spot Plate.lnhiiition Screen: Each prepared extract or solubilized material will be evaluated for inhiii6on or 
toxicity to the cells. A test sample that is noninhibitory to moderately noninhibitory to the tester st&.ns will be. 
tested by the standard plate incorporation method. In the event a test material is inhibitory, dilutions will be ’ : 
required to fmd a nontoxic level, ’ . 

Standard Plate incorporation Assay: Each positive control mean must exhibit at least a 3-fold increase over the 
respective negative control mean of the Salmonella tester strain employed, and at least a Z-fold increase over 
the respective negative control mean of the E. coli tester strain Exceptions include conditions not intended to 
provoke a mutagenic response ‘(e.g. 2-am&o-antbracine and 2Gmiuofluorine without metabolic activation): 
The negative control results of each tester strain wilI exhiiit a characteristic number of spontaneous~revertams 
Spontaneous reversion rates may vary, but should be consistent, with the ranges specified (see.Table .n). Table 
ll is meant as a guideline only. Negative control results for tester s&us may fall outside of the range listed 
In such an instauce, the results should be evaluated with caution. 

A report of the results of the assay will be. prepared by N&&A and ivill describe all metbodsused to generate. and . 
analyze data. The report will contain the bacterial tester siraiirs employed and characterization i&lu&ng s&a&r. 

. _ 
: l . 

standard plate,count, spot plate -inbiiition screen data, test conditions, individual and mean r&version rates (in ~bulti~~ : 
form),.evalu$ion ofresults.ar$ conclu&oiis. . I .. -. 

. . ‘. - ._ 
t+ljhrAss&n~: ..’ .I ., . ‘.. : 

_:- _. _- 
Inspections will be conducted at intervals adequate to assure the integrity of the study in conformance with-.. _* 

--2 l- @R ~8.35@)(3). The ‘final repo~v,ilt also be reviewed.for conformance. to Section 58.185, Subpart J; ofthe 
GLP Regulations. ‘A-Ce&ficatcdfQuaiity Assurance’lnspections willbe provided.witb tbefml report 1.. : ..I. 

‘_ _- 
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Records: 

Testarticle preparation, strain characteristics, standard strain plate comts, !pot plate inhibition screen data, standard 
plate incorporation assay data, and dates of relevant activities wiIl be recorded 

AI1 raw data pertaining to this study and a copy of the fiial report will be retained in designated NAI$SA archive 
tiles. 

Proposed Dates: 

The study dates kill be scheduled by the study director foIlowing receipt of the sponsor-approved protocof and 
appropriate materiai for the study. Initiation of the study wiIl bethe date on which the study director signs the GLP 
protocol, Projected dates for &rting the study (firs treatment) and for the completion of the study (f&l report 
release) wiII be provided to the sponsor (or representative of the SPOIISO~) Bnd added to the protocol.. 

: 
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IS0 10993-X Biological Evaluation of Medical Devices; Part 3: Tests for Genotoxi+y, Carcinogenicityand 
Reproductive Toxicity. : 

OECD Guideline for the Tekng of ChemicaIs, Proposal for Replacement of Guidelines 47 1 Bacterial Reverse’ - : 
Mutation Test, Document Number 471_ 

Or& AI.; M.T. PoIIaskni, M. Barea, and D. Ord%z, ~Ba&ritiI Mutagenic Evalukon of LuxabendazoIe, a New 
Broad Spectrum Antihelminc, with the Salmonella typhimu;rium Hkidine and t&e Esch&>hia coli Tryptophan 
Rever$ons.‘Test&” Mutagenesis ll(1996): 27,3 1. Y , . 

Test vdidatiot~, Bacterial Mutagenicity Test: NAMSA lab number 98TaO785-00. .-.’ . 
:_ 

Protocol Chan&:. . . .. :. .-. ? : 
.’ : 

: . 
A& changes necessary to the‘protocol after the sponso~.approv-al or.study initiation &ill bed ocumentedand ‘_.. 
approved by the study director as protocol amendments- Copies. will be distriiuted~ t& the sponsor, the rati data tile, ‘- 
and the NAI’vfS+:Quality Assurance department ._ I 
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BILL BEASLEY 
BIOMIMETIC PHARMACEUTICALS . 
! 616 WESTGATE CIRCLE 
BRENTWOOD, TN 37027 

PROTOCOLAtiNDMENTX 

Test Article: 

Identification: 

_..e 
rhPDGF-BB (Becaplermin - 1 mg/ml2b mM NaAc Buffer).and Vitoss S&fold 

Lot #QA2217 and Lot 081098-146 

NAMSA LagNo.: OIT 15267 00 

we have received appropriate’test articles and approved protocols for the program to be conducted in t ic&dance with the r 
Good Laboratory Practice (GLP) Reg&tions on the material descriied above. Below is a projected schedule for the work .- 
to be peiformed. 

NAMSA 
Code’ 

Estimated 
Start Date: 

Estimated Report 
Reiease D&e: 

voo14-130 

TI261-300 

TI261-301 

‘I’I251-800 

Ts264-500 

‘.Tg47-804 -. 
Tm35-8Qo 

Cytotoxicity Study using the IS0 Elutioi Metha (Extract) 

IS0 Sensitization Test in Fifteen Guinea Pi& 
Saline Extract 

Dec. 13,200l Jan,8,2002 

IS0 Sensitization Test in F&en Guinea Pigs, 
Cottonseed Oil Extract Dee 14,20@1 

IS0 Acute Intracutaneous Reactivity Study in Three Rabbits 
Saline Extract, Cottonsed Oil Extract Dec. 17,2001 

IS0 Acute Systemic Toxicity Siudy in five Mice, . 

Jan.25,2002 

Jan. 8,2002 

Spline Ext&t, Cottonsr+zd Oil Extract Dec. t7,ioOl 

‘*otoxicityz. Bacterial R&erse $&&ion (Ames) Test, 
Sahnonella anb ,??. cbli &ins; Sa& Ezctmqt ,. . ‘I 
Gi%lotoxicitr.. l!?acterial Rev& A&tat&n (&) .Test, 

Sahnonelh andE: colistrains, DMSO Extkct I+ 18.2001 

Jan. 8,2002 
-_ : 

: . . - 
ISO~&r&al M&cie Ir&l~@at&, in ‘I+e R&l& ($ Weeks) 
.W*. Flistopathology 

Jan 15,2002: . .‘_ 
-_, I 

- . 
J~-25;2002 __. .- ._ _1 . 

: _- .: I- : . 
_’ 

: : 
2: _. 

- ._.. 

Date J 

LLTldap 
.‘. 

kq:. QA.(NAM$Aj .. -.- __ .- -‘: . :, 
-. ‘GLP study file _ ‘_ -. 

_ .- 
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l%OTOCOL AMENDMENT II 

i”t& Article: &PDGF-BB (Becaplermiu - 1 &ml 20 ml!4 N&k Buffer) and Vitoss Scaffold 

Tdentkcation No:: 

Protocol: 

N&&A Lab Nd.: 

Lot #QA2217 and Lot 08:1098-146 . - 

V&14-139 C$totoxici& Skd&ug.t.he ISO Elution Me&d &tract) 
TIZ61-300 IS0 S&itizatitin Test ip Fifteesi Guinea pigs (Saline extract) 
TI261-301 IS0 $eusitization.Test in Fifteen Guinea pigs (Cottonseed oil extract) 
TI25 l-800 IS0 Acute 1ntrac)ltaneous Reactivity Study in Three Rabbits 
Tl264-500 IS0 Acute Systemic Toxicity Study in Five Mice 
VOO23-211‘ Getioto&iw Bade&l Reverse Mutation (Ark) Test (Sal&k extract) 
VOO23-212 Genotpxicity: Bacterid Reverse Mutation (Ames) Test (DMSO extract) 

OlT 15267 00‘ 

T!%is amendment was written to clan@ the preparation of t&k&t article. ’ 
The two co&one&s of the test article must be combined j&t prior tb extraction pkpahion. To do this, a 1:l xatio 
of Vitoss (ix! &) to rhPDGF-BB (in ml’s) will be prepared. For example, a 2 g pox&on of the ClmnOS will be 
saW.rated with, 2 ml of the rbPDGF+ If the fi-ozen rhPDGF-BB is used, it must first be thawed prior to the 
preparation 

The resulting mixture wll then be used for the extraction preparation (i.e. weight of the pkparqd. test article,tq ._ i 
vohn~of e&action vehicle). - . . 

- .I- 
,_ 3 ‘ . . . . ,_ .-. 

.- __- : 

. 
: I. : .- 

:- 
_. ._ _..:. 

_. 2: : 
I 

c .- :.- 

kc; ,(j; ,;, .- .. 
: ._ 

1 _. ._. 
.. ; 

-_ -.: y. J_ . 
_. .: 

Date -.. .: ‘_ 
_. .. C’ 

‘_ _ .- __ 

- _- 
cc: _ NAMSAQAU 

GLPstudjl fiIe -; . . . 
__ -- 
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PROTOCOL AMENDMENT 11 

Test Article: rhPDGF-BB (Becaplermin - 1 mg!ml20’ mM NaAc Buffer) and Vitoss ScaffoId 

Identification No.: Lot #QA2217 and Lot 081098-146 r 

Protocol: ‘VO014-130. Cytotoxicity Study using the IS0 Elution Method (Extract)’ 
TI261-300 .lSO Sensitization~Test in Fifteen Guinea pigs (Saline extract) 
TI261-301 ISQSensitization Test in Fifteen Guinea pigs (Cottonseed oil extract) 
Tl25 I-800 IS0 Acute Intracutaneous Reactivity Study in Three Rabbits 
‘I1264500 IS0 Acute Systemic Toxicity Study in Five Mice . 
VOO23-211 Genotoxicity: Bacterial ReverseMutation (Ames) Test (Saline extract)’ . . 
VOO23-212 Genotoxicity: Bacterial Reverse Mutation (Ames) Test @MS0 extract) 

NAMSAIab No.: OIT 15267 00 

This amendment was written to clarifjr the preparation of the test article. 

% Thetwo components of the te.st articIe must be combined just prior to extraction preparation. To do &is, a 1: 1 ratio 
of Vitoss (in grams) to rhI?DGF-BB (in ml’s) will be prepared For example, a.2 g portion of the Vito& will be 
saturated with 2 ml of the rhPDGF. If the frozen rhPDGF-BB is used, it must fust be thawed prior to the 
preparation . . . 

: : . , 
The resulting mixture will then be used for the extraction preparation (i.e. weight of the prepbed test article to .. . 
volume. ofextraction vehicle), _’ ., ._ -. : 

. _ . . _: _’ 
. _ . ‘_ : : 

* This amendrimnt was r&.&e&-to correct the sponsor name and address, and to correctthe name of the Vitos$i& the 
_: .. 

.. y.. ..; . . secondpara&aph. ,. : -. 
-_ .-_ _. 
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GLP study lile .-. 5M001a43 
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STUDY TlTLEz 

CYTOTUXKITY S?UDY USn\JG THE ISO ELUTItiN METHOD 
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1 
(lX+EMExtract) 

TEST ARTkLEz 

rhPDGF-BB (Becapiemin - 1 mghnI2Q mM NaAc Buffer) and Vitoss Scaffold 

LDENTIFKATION NO.: 

Lot #QA221? and Lot O&1098-146 
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Lab No. 01T 15267ti - -‘- 
” 

. ,SuMMARY ._ 

An in vitro biocomp&iSity study, based on the,lr&ruational &g&ration for Standardization l&93: Bio&icaI _. 
Evaluation of Medical Devices, Part 5: Tests for Cytotoxicityz in v&o Methods guidelines, was conducted on the 
test article, rhPDGF-BB (Becaplermin - 1 m&ml 20 mM NaAc Butler) and Vitoss S+fFold, Lot $QA2217 and 
Lot 08 1098-146, to determine’the potential for cytotoxicity. A single extract of the test article &tsprepared w&g 
single strength Minimum Essential Medium supplemented with 5% $em and 2% autiiiotiti (1X MEM). This test . 
extract was placed onto three separate corifluent~monolayers of L-929 mouse tibrobiast cells propagated iir 5% CQ. 
Three separate monolayer‘s were prepared for the reagent control, negative control and for the positive control. All 
monolayers were incubated at 37°C in the presence of 5% CO, for $8, hours. The monolayer in the tast, reagent ..:- 
controf, negative control and positive control wells was examined microscopically at 48,hotns to determine any 
chauge in cell morpholo&. 

Under the conditions of this study, the 1X MEM test extract showed evidence of causing mild cell lysis or toxicity. 
The 1X MEM test extract met the requirements of the test since the grade-was a grade 2 (mildrea$ivity). The 
reagent :ontrol, negative control and the positive control performed as anticipated. 

Study and Supervisory 
Personnel: . LionelD. B&ck;BS 

Michelle Weingate-h&ate, BA 
Suzanne E. Brimacombe 
Anne M. Schuler, BE 
Melissa A. C&ret, MS 
Cherise M. &Coy, BS 

Shdy Director: 

Study Director-. . 

.:- 
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INTR0lkKl30N 

Lab No. OiT1526700 

The test article i&mtied below was extracted, and the extract was subjected to au.in Vitro cytotoxici~~study for 
-biocompatiiility based on the requirements ofthe International Qrganiration for Standardixation 10993: Biological 
Evaluation of Medical Devices, Part 5: Tests for Cytotoxicity: in vitro Methods. The test was performed to 
determine whether leachables extracted from the material Would- cause cytotoxicity- The test article was received on 
November 20,2001 and Decemher.l0,2001~ The cells were first exposed to the extract on December 14,2001, and 
the observations were concluded on December, 16,200l. 

The study, initiated by protocol signature on December 10,2OOl,‘~as conducted in accordance wirh the provisions 
of the FDA Good Laboratory Practice (GLP) Regnlations, 21 CFR 58. A Certificate of Qr&ty Assurrmce ’ 
Inspections was issued with this report. 

MATERIALS 

The sample provided by the spousor was identified and handleri as follows: 

_ Test Article: 

Identification No.: 

Stability Testing: 

Expiration Date: Stable for duration of intended testing (per sponsor) 

Storage Conditions: 

Extraction kehicle: 

Test Article Preparation: 

Negative Control Preparation: 
, ? _’ i : .’ -: 

Reagent Control Preparation: 

Posit& ControI Preparation: 

_ 

_ : .I - = 

_’ Sk : -_ 
EllmingNledicalDevi;e 

. .SaletyandCompltancr 

rhPDGF-EB (Becaplermin - 1 mg/ml20 mM NaAcBuffer) and Vitoss ScatfoLd 

Lot #QA2217 and Lot 081098-146 
:. 

Ig Progress (per sponsor) 

rhPDGF-BB - Refrigerated 
Vito&z Scaffold - Room temperature 

Single sue&h Minimum Essential Medium supplemented with 5% serum aud 
2% antibiotics (1X MEM) 

A 170 g portion of Vitoss Scaffold was saturated with 1.0 ml of rhPDGF 
immediately prior to pouring the vehicle used for extraction. Based‘on the USP 
ratio of4,gL?O ml a2 g potion of the prepared test article was covered with 
lO,.ml of 1X MEM.. A single preparation was extracted at 37°C for 24 hours.: 

High deusity polyethylene was used as the negative control. ‘Based.on the USP 
ratio, of 60 cm’:20 ml, a single 30.8 cm’ portion of the control mat&&+& .. _ 
covered with lo-ml of 1X MEM. The preparation was subjected to the 
extraction conditions previously described for the test article. I_ 

- . : 
,A single aliquot of 1X MEM with& test material was subjected to&e same I .’ 
extraction conditions as described for the t&t article. 9 

The cnrrent NAMSA positive control, tin stabilked polyvinylchlo&e, was ,nsed 1. 
to determine a cytotoxic end-point. Based on the USP ratio of 60 cr&20 mi, a 
single 60.8 cm’ portion of the control’material was covered with 20 ml of _. 
1X MEM and extracted at 37*C for 24 hours: Skial dilutions were prepared 
(1:2,1:4, 1:8, 1:16,1:32) for an end-point titration. . . : . : 

* :. .- . . 
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vooG--130 Lab No. OfT 15267 00 . ; 

Condition of Ektractsr Test: cloudy pink 
Rqgent Control: clear 
Negative Control: clear 
Positive Control (uudihrted): clear 

METHODS 

Test Svskm Management: 

b-929, mouse $ibrobl&t cells, (ATCC CCC 1, NCTC Clone 929, of strain &, or equivalent source) were propagated 
and maintained in open wells containing single strength Minimum Essential Medium supplemented with 5% serum 
and ‘2% antibiotics (1X MEM) in a gaseous environment of 5% carbon dioxide (CO& For this’ study, 10 cm2 kls 

‘were seeded, IabeIed with passage number and date, and incubated at 37°C in 5% CO1 to obtain confluent 
monolayers of cells prior to use. Aseptic procedures were used in the handling of the cell cultures following 
approved NAMSA Standard isperating Procedures. 

?!3cperimAtal Procedure: 

Triplicate culture wells were skected which contained a confluent cell ‘monolayer-~ The growth mediinn contained 
in triplicate cuhures was replaced with 2 ml of the test extract, SimilarIy, triplicate cultures were repIaced with 2 ml 
of the reagent control, negative control and the undiluted and each titer of the positive control. Each welLwas 
labeled with the corresponding lab number, replicate number, dilution. (as applicable) and the dosing date. The 
wells were incubated at 37°C in 5% CO, for 48 hours. 

Following incubation, the cultures were examined microscopically (18OXJ to evaluate celhrlar characteristics and 
percent lysis. 

Evahtatiou Criteria: 
: 

The confluency of the monolayer was recorded as (i-) if present and (-) if absent. In addition, the color of the test 
mediumwas observed and compared to the negative control medium. -A color shift toward yellow was associated 
-with an acidic pH range and a color shift toward magenta to purplewas associated with an alkaline pH range. Each 
culture.k$ was evahrated for percent lysis and cellular characteristics us@ the following criteria: 

.. ._ 

__ _. : 
, For-the test to be valid, the reagent co&l and the negative control must have had.a reactivity of none (grade 0) and.’ ’ 

the positive control must have been a g&de 3 or 41’ T&e test sample met the reqi&eme& of the test if the biological . 
iesponse was less than or equal to grade 2 (mild). The test would have been repeated if the. controls did not perform 
as anticipated antior if all three‘testwells did not yie3d thu~same~conclusioti. 

_. , 
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VW14;130 Lab No. &I 15267’00 . _’ 

ImJLis -- 

see Tatire I for reslllts. .- 

pII bbservati~n: The test medium was sim ile to the negative control medium at 48, hpurs. * 

Re&lts a@ conc~usjons’~pply only to t$e test article tested- No further evalua~on of these results is made by 
NAlvISA. ,Any extrapolation of these data to 0th~~ samplks is the responsbility of the sponsor. AU: procedures were 
conducted in confoknce with good laboratory practicti and IS0 17025. 

._ 

‘coNcLusIoN 

‘Under the condit@ti.of th@ sh&y, the 1X &f&i test extntct showed &jdetice of causing m jld cell @sjs or toGcj&. 
The 1X h$EM test extract;met the requirer;r~nts of the test since the grade was a grade 2 (mild reacthrjty). me 
reagent coatiol, negative control and the positive control performed as anticipated. 

IWiC,ORD kTORAGE 
, 

Ah r&v data pert&kg to this study,and a copy of the final report a& to be retained in desighated NAMsA archive 

. 

files. 

E&wing f&&al l&ice .. 
Safety and Cempliance-- 

* -. 
I . . 

;‘ 

: BMOO1720 

._ 

.-Paie6ofS .I:‘: 

._ 
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._’ -TABLEI. 
_- 

: REACTMTY GRADES FOR &UTlON TESTING 

(+) = tiesent (-) y Absent 

/ 

- SA 

__ .’ 

:. 

__ .:_ 

.: 

._ . . . 

._ 
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Phase Imp&ted 

Final .R$ort Review 

This study. will be included in the next periodic status report as compreted. 

._ 
-_ 

: ._ 

‘1 : 
.,. ._ ._ 

This study h& kee& km&ted in accordgnqewiih fhe pr&&& of the FDA Gbod L;&ora?~ Pr&i& Reg&t&ns . 
(2 I c!FFq Part 58). 

QA Represegativk: ._ 

his 

. . i __ SA 
Enswimg Mediial Device 

’ Safety and Compliance- 

Nathan L. Alt, BS ,. 
Auditor, Qu&ty Assurance . ., : 

: . __ -- 

: 
. . . -_ 

._ 

f 
_’ . . 

<. _:. 
I: ; 

: 

BMOO?722 ^, ._ I_ : _ ..---Paie8dfS. 



This fdrm is used for non-cJk&af studies to be conducted according to FDA Good labcratpry.Pr+ztice Regulations , ., 
of 21 CFR Part 58. CompJetion:of this form identifies material that wiJJ be Jisted:&i a-‘NAh@A Master Sche$& 
Sheet available for FDA inspec’tion. All information requested must be submitted to NAMSA before testing may 

-begin. 

Authorizsd Asst.: 
(if different 
from left) 

. . 

1. 

2. 

3. 

4.. 

5. 

(tirde one] Identification: Q;A&7 - : 

Storage Conditions:. Riom Temp 

Hancfling and Safety Precaun‘ons: 

.__ 
Stability: The sponsor &sure& that the above material has been characterized for idenfity. strength, .m 1 
purity and composition as required by subpart F section 58.105 [res’bsdc). -Stability testing Is the .. . 
responsibility of the sponsor and is subject to FDA audit{ please indicate one of the foflowing: 

x. -. Stab&y testing is in progress; article is stable for duration of intended testing- 
Stability tesling is complete and on fife with spansor. Expiration. Diie: := .- - 

Disposition: DiscardKkstroy-: Return to Sponsor’& Retain. 
. 

__ ;rm&d foc.std+ 1-w thrrr 28 dyt 

-xl B. Control A&h Submitted‘ By Sponsor: No ; Yes-. _ Jdentific&ion: 

1. BatchkodeRot (circle one1 identification: -,. 
j 

2. Storage Conditions: Room Temp. -: Ret fig.-. - Freezer-. -Other: ;: 

3. Handling and iafety Precautions: . . +_ _- -_ 

.4. Stability: Characterization and stabitity information as above are dso r~&uired for control articles. 
, ., 

., : 
Stability’testinfj is in progress; atticto is stable for d&&on of intended-testing. _- 

-Stability tes’titag is complete and oti iite with sponsor. Expiration Dater . -- ; 
.. -Marketed product,stabitity characterized by‘its labeling. .-’ .: - : . 

. 

5. Disposition: DiscardILJertroy-; Return Jo Sponsor-; Retain*-\ i reguidlotrt&arl~npn than28 dw . 
: . . . 

C.. Mixtures of test or control. articles with. carriers require -analysis to’ demonstrate proper concektion. ;, . .: 1 
.bomog&eity arid stablty. sponsor wiJJ provide andlyticai 
repesentative aliqwts provided by NAMSA-. $4 

metho& -; y wi!l perform anaQsis on. - . .- 

D. NAMSA Cost Estimate No. l&v-&.7-- - tor attach ltst of. tesisl Sponsor’s PO No. 
&/- 1005 : -- : :.- 

FacJJity: . 

. .._ 
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Sponsor: 

NAMS&lM GLP PlitOTOCOL VI4 

CYTOTOXICITY STUDY USING THE IS0 ELUTIQN METIj[OD 

. 

. _.- ._ 

. 

: 

Bill Be&Iey 
BioMimetic Phaimaceutical Inc. 

. . 

1616 Westgate Circle 
Brentwoti TN 37027 

Test FaciIiDL: 

North American S&me Associates, Inc. (NAMSA) 

1 CEPN0. 1649-LLT(Revised)- : 
2261 Traky R&ad 
Northwo&, OH 43619-i397 

Apmovals: 

Protocol Submitted By (NAMSA): 

Date Issued: 

Principal Investigator: 
(Sponsor) 

Date Approved: 
: 

j . -. . 
Study &&tor (NkfSA): 

: , 

- .’ 

.  .  
.  .  

Date Initiated: 

SafetyandComp%mcc-. 

& L. Tasse@S, ALAT 
.:-: 

!&tidy Director 
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.‘NAMSAw &I’ PROTOCOLV14 

CYTOTOXICITY STUDY USING THE ISO ELUTION METHOD 

Purpose of the Study: 

The objective of this study is to evahiate the biocompatibility of a test article extract using an in vitro &mmaIian 
ceU culture test. This study is based on the requirementsof the Intemational.Organization for Standardiition 
10993: Biological Evaluation of Medical Device!& Part 5: Tests for Cytotoxicity: in vitro Methods. 

This study will be conducted in accordance with de requirements of the FDA Good Laboratory Practice (GLP) . 
Regulations, 21 CFR 58, 

Test Article: 

The spon&or will submit the materiai to be.teste& The test material shalI be representative of either the final product : 
or a component of ihe fkal product that is io be t&ted. Detailed ir&onnation about the test sample will be provided 
by the sponsor on the GLP Compliance Notification form tkmished bjr NAMSA 0; on a similar attachmerit to the 
protocol. 

The following is to be completed (with’ initials and dates in the margin) by the sponsor or study director. Further 
instructions may be attached to the protocol. 

Ratio of Test Material to Extraction Vehicle: 

Material thickness less than 0.5 mm - ratio of 60 cm2:10 &l’@ased on the USP ratio 120 cm%?0 ml) 
Material thickness greatei than or equal to 0.5 mm - ratio of 30 cm?i 0 ml 

7 
(based on the USP ratio 60 cm2:20 ml) 

__ Irregularly shaped objects and/or sponsor option - ratio of 2 g:10 ml @ased on the USP ratio 4 g:20 ml) 
__ Other (explain) 

NOTE: Only a single test article will be prepared. 

Extraction Vehicles: -, 
‘;_. ._ I_ 

shgie sb;ig& M& 
.._ : . . 

E&&tiaf l$$edmmsuppleme&d with 5% seru& and 2”/. &iiiot&s (l~$IEM) 
Single‘strength Mimimum Essential Mepium, serum tiw., but suppler&r&d with 2% akbioti~ (ME&&SF) 
0.9% Sodium Chloride Irrigation, USP (SC) _ 

Purified Water fpW), : s ., .. 

., .. 
: 

If an SC or PW extract is prepared, a So% con~eatration [l p&t test,extract to 1 part double strength &i&n 
-. 

. . 
Essential Medium supplemented v&h 10% sentin and 4% antibiotics (2X h+EM))3 of the test. extract and 2X MEM 
will be made prior to dosing the cell monolayers. The negdtive do+1 a&reagent control will be handled in the .I. 

- same manner- 
:* --. 

BM064725 :. 
’ 
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Extraction Conditions: . 

The extraction conditions shall attempt to exaggerate the clinical use conditions so as to define the potential 
toxicological haiard; however, they should not in any instance cause physical changes such as fusion or melting, 

- which results in a decrease in the available surface area. A slight adherence of the pie&s c&t be tolerated. 

Q 37°C for 24 + 2 hours - 
50°C for 72 + 2 hours - 
70°C for 24 Z!I 2 hours - 
121°C for I hour . - - 

L-.- Other (specify) 
: 

NOTE: The preferable extraction sondition is 37°C for 24 hours with MEM to simulate physiological conditions. 
At temperatures greater than 37°C MEG cannot be used. At temperatures greater than SOOC, MEM-SF. 
cannot be used 

. . 
Contrfil Articles: 

Negative Control: high’density Polyethylene, will be prepared based on a ratio of 60.cm2:20 mi extraction vehicle. A 
smgle preparation of the material will be made, &rd will be extracted using the same conditious as described for the 
test article. 

Reagent Control: A single aliquot of the extraction vehicle without test material will be prepared u&g the same 
conditions as described for-the test article, 

Positive Control: CurrentNAMSA positive Control material+, tin &biked poly&&hloride, will be prepared 1 
based on a ratio of 60 cm?:20 ml extraction vehicle. A single preparation of the material till be made and extracted 
at 37°C for 24 hours. Serial dilutions will be prepared for an end-point titration procedure. 

*NOTE: The current NAMSA positive control material has been qualified az3 an acceptable replacement for the 
USP recommended control material. 

Test Svstem and Justification: 

Mammalian cell culture monolayer, L-929; mouse fibroblast cells, (ATCC CCL 1, NCTC Crone 929, of strain L., or 
equivalent source), &ill be used. in vitro mammalian cell culture studies have been used historically to evaluate 
cytotoxicity of biorpaterials and &&al devices (Wihack, et al., 1973); 

Test Svstem Man&&nennt: I ,I _. . _:- . . . 

L-929, mouse fibroblast cells, (ATCC CCL 1, N&Z Clone 929, of strain I;, or equivalent so&e) ~$1 be ‘. 
propagated and maintained in open pr;ells containing single strength h4i&mm+ Essential Medium supplemented with -. . 
5% serum and 2% antibiotjcs (lx hIEM) in a gkeous’environmeut~ of S%.carbou d&de (CO& For this study, 1 
10 ck2 wells will be seeded, labeled with pasag& number and date, and incubated at 37°C in 5% CO, to obtain .- 
couth&t monolayers of cells prior to ‘use. Aseptic procedures will be used in the handhng of the cell cultures 
following approved NAMSA’ Su+ard ijperating Procedures. 

_. 
. .I 

._-. 
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Methods and Route of Administration: 

Each culture well will be sdlected’wtich contains a confluent cell monolayer- khe~growtbmedium in triplicate 
cuitures will be replaced with 2 mi of the test e&act. Similarly, triplicate cultures wiii be replaced with 2 nd ofthe 
reagent control, negatiye cOntro1 extract and the rindiiuted and each titer of the positive control: Each Well will be 
labeled with the corresponding lab number, replicate number, dihrtion (as applicable) and the dosing date and 
incubated at 37°C in 5% CO, for 48 hours. 

Following -incubation, the cultures wiil be examined microscopically ( 100X) to evaluate cellular characteristics and 
percent lysis. 

Evaluation Criteria and Statistics: 

The confluency of the monolayer will be recorded as (+-I-) if present and (-) if absent. In addition, the color of the t& 
medium will be observed and compared to the negative control medium-.. Each culture weii will be evaluated for 
‘percent lysis and eelhrlar characteristics using the foilowing criteria: 

I 

Not more than 70% of the cell monola 

4 t Severe } Nearly complete destruction of the cell monolayer Greater than 70% lysis 
/ 

: For the test to be valid, the reagent control and the negative control must have a reactivity of none (grade 0) and the 
positive control must be a grade 3 or A. The test sample meets the requiremeuts of the test if the biological response 
is iess than oi,equal to grade 2 (mild). The test will be repeated if the co&ols.do not perform as anticipated and/or 
if iii three test ?vells do not yield the same conclusion. 

Renort: 

The final tepo$$R domain ir$ormation on the cell line, -culture medium methods, test and control results, and.kty 
additional pertinent observations. -. _: 

‘, ‘_ . .-.._ 
~ Ch&litv Askance: . 

Impectjons will be conducted at inte&& adequate to assure the integrity of the study in confknance with 
2 I CFR 58.35(b)(3). The f&i, report $vill also be reviewed for cont$mance to Section 5 g. 185, Subpart-J, -of the 

., 
I 

._ .: 

.- GLP Rcg$ations:- A Certificate 6f Quality Assurance +pections wil! be provided w$h the fiual report. 
_ : 

‘Recks: -...- 
-. - 

.Maierial preparation, cell brie and p&&age number, controland test bell observations,’ and datesof relevant act&i&s 
’ (such as the study initiation and terminarion) will be recorded. 

. . 

Ail raw hata ~ertaikng to this study and a copy of the final report will be retained in designated NAMSA archive 
files.. . *. 

C&i. jidqiri: 2261 T&doad. N&wood, bH 4&S-1397 i 41SL666.94~5 I Fax 419.6662954 
3406 Cobb lnmnalional l&d., Kennesati, GA 30152~7691 j77LI4~?.31kif I Fax 770.426.5692 
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Proposed Dates: .’ 

The study dates will b finalized by the study director following receipt pf the z$onstir-approved protocol and 
approprizke material for ihe study. Initiation of the study will be the date on which de study director signs the GLP ~. 
pr&ocolls Projected dates for &uting the study ($rst treatment) and for the con$&ioii of t+e study (final report 
release) will be provided t? the sponsor (or representative pf the sponsor) and-added to ihe protocol. 

References: 

21 CFR 58 (GLP Regulations): 

Xnterkional Organization fqr Standardiza$ioh 10993: BiologicaIEvaluation of Medical Devices, Part 5:. Tests for 
Cytotoxicity: in vitro Methods. 

Uiited. States Phamacopeia OJSP), current @ition. 

Wilsnaclc, R E-1 “Quantitative Celi Culture Biocompatibility Testing of Medkaf Devices and Cokelation to Animal 
Tests,” Biomaterials, Medical Dew&s and Artificial Organs 4 (1976): 235-261. 

Wils&k, R E., k. J. Meyer and J. G. Smith, “Human Cell~Cutture Toxicity Testing of Medical Dekes and 
Correlation to Animal Tests;” Biomaterials, MedicalJkvic~ and Art@cial Or&nts II (1973): 543-562. 

Protocol Changes: 

Auy’necessary &anges to the protocdl aftei sponsor approval oistudy initi@ion will be documented and approved 
by the study director as proto&l amendments. Copies will be dktribut$ to the sponsor, the raw data tie, and the 
NAMSA Qiulity Assuqmce department_ 

b’ 
; .- 

: 

._ 
,’ ._ 

. . 
. . t 

,. 
‘_ 

. : .__ 

.. 
._ -- :. 

.’ 

. . . - 
.- 

_. .._ -. 

. ; 

: ._ 
. *- :. 

-_ -. 
. 

-_ 

. 

._ 

BMOOl728 ; .. _ 
_I 

__. .._ _. Pig& 5.of.5 
Corp. H&t% 2261 Tracy Road, Nprth&d, OH 43619~1397/41S.666.9455/Fa~4l9.666.~ 

3400 Cobb lntemadonal Blvd.. Kerinfsaw,‘EA 30152-7601/ 770.427.3301 /Fax 770.4Y&Sfj92 
5 Mchgan, Irvine. CA 92618~M78: 949.951.3110; Fax 949.991&8g . 

: Afilid!es: &NW~ - Germany - tsraei - T;fiwac * United Gsgdonr 
:_ ‘_. . . 



Deccmbcr IO, 2061 
_ 

\ 

BILL BEASLEY 
BIOMLMETIC PHARMACEUTICALS 
.I6 16 WESTGATE CIRCLE- 
BRENTWOOD,TN 37027 

PROTOCOL AMENDMENT I - 

Test Artick: rhPDGF-BB @eca$ermin - I m&n1 20 mM NaAc Buffer) and Vitoss Scaffold 

Identification: tit #@A2217 and Lot 081098-146 

NAMSA Lab No.: OlT 15267 00 

We have r&eived appropriate test articles and approved protocols for the program to be c&wte&n.acwr&nc% with the 
Good Laboratory Practice (CXP) Regulations bn the material descrii above. Below is a projected schedule for &wo& 

J tobeperformedI 

NAMSA 
Qi& 

E&mated Estimated Report 
Start Date: Release Date: 

Jan. 8,2&Z C$otoxicity Study using the IS0 Elution Method @x&act} voo14-130 Dec. 13,2001 

Ti261-300 IS0 Sens&ation.Test in Fi$en Guinea.Pigs; 
SaIineExtxact 
IS0 Sensitization Test in Fifteen Gknea Pigs, 
cottonsd oil ExtTaa 

TI.261-301 

! Tn51-& 

Dec. 14,2001 hn. 25,2002 

IS0 A&e Intracutaneous Reactivity Study in ‘0&e Rabbits 
Saline Extract, cottonseed Oil Extract 

IS0 Acute Systemic Toxicity Study in Five Mice, 
Saline l?xt&t, cottonseed oil Extract 

Dec. 17,2001 Jan. 8,2002 

Tim-500 
-J&8,2002 

-. 

Dec. 17,2001 

G~bh.ii5ty Bact~&l Rev& Mutation (&qes) Test, 
S&noneIla and E. coli strains, &Ii+ Extract 
t.km+kity: lk@erial Rev& Mutation (Ames j Test, 
SahnonelIa and E. culi strains, DMSO Extra&t .. 

‘. 
IS0 Su@al Mus& Implant&& in F &&bits (4 Weeks) 
With Hiiop&oJ&y’ 

voo23-2 i I 

‘i : v&-212 . _- 
Jti. 15,2002 . 

.. / 
Dice 18,2001. 

: 

Jari.252do2’ %:.: 
TJ2+7-804 
~THO35-800 Dec. t9.2001 

._.. . 
-_ _ :. 

:  
.  .  1 

.-: 
:  .  .  .  

_. :._ 
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LLTkIap 

& QA~A~~SA) :. 
,_ : GLPstuhy file - 

. . 



.- P .r 

: , . .. I 
93. 

Corp:Hd& 2261 Tracy bad. Nathwcod, OH 4363619WV/ 4lS.Fj66345~j Fax 41%6662I)50 
34OD Cobb lntwnatind Btvd, lbf&aw. 6A3Ot52r7501 Ik4273101j Faxl7C~4zXSfm 

9 Mmgm, b&es CA 9261ctp7s; 99.~J3l lo/ Fax9999513280 
._ 

AKdiate,s: France. L Germany l lsrael l h-tin 0 United Kingdom 
Emt&g IVledical Device 
Safety,ad Compliance- 

December lo,2001 
: 

SAMUEL LYNCH, M-D. 
BIOMIMMlC Pharmaceuticals 

-_ 

1616 WESTGATE CIRCLE 
BRENTWOOK, TN 37027 

PROTOCOL AMENDtiNT JJ 

Test Article: rhF$GF-3h (Becaplermin - 1 nigh& 20 mM NaAk Buffer) and Vitoss Scaffold 
: 

Idekication No.: Lot #QA2217 and Lot 081098-146 

Prot.Ocol: VOOW130. Cytotoxicity Stixdy us&g the IS6 Elutiw Method (Extract) 
TI26i-300 ISO Sensitization Test in F&en Guinea pigs (Saline extmct) 
TX26 l-30 t IS0 Sensi@zafion Test in Fifkei’Guinea pigs (Cottonseed oil extract)‘, 
TI25 l-800. IS0 Acute Ir~trac-otaneous Reactivity Study in Three R#$its 
T&%4-500 IS0 Acute Systemic Toxicity Study in Five b&e 
VOO23-211 Genoto&cityz Bacterial Reverse Mu&ion (Amez 
VOO23-212 Genotoxicit$ Bacterial Reverse Mtitation (AI& (&j;l.js. .& - i 

_- 
NAMSA Lab No.: OlT 15267 00 

m amekment was written to cl* the preparation of the!est title. ,.‘. 
* 

The two components of the test article must be combiied just prior fo extraction prep-. 
of Vitoss (in grams) to rhPDGF-BB (in hi’s) will be prepared. For &ample, a 2 g portion of the ChroiOS wzu‘ be 
saturated X+&II 2 ml of the WDGF, Jfthe tiozen rhPDGF-BB is used, it must first be thavied prior to the 
preparation.. 

The resulting mix&e &ill then be used for the extra&on preparation (ie. vkight of the prepared test article !o 
voIwne of extract+ vehic!e). .- :-’ 

: ._ ‘. . 

f 
:. 

_-. 

: 

.. . 
_’ 

.:.. 

1 l -, . : _. -.:- - 
Date 

: _. : * ’ _. 
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:. 
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BILL BEASLEY 
BIOMIMETIC PHARMACEUTICALS . 
16 16 WESTGATE CIRCLE 
BRENTWOOD, TN 37027 

PROTOCOL AMENDMENTII 

Test Article: rhPDGF-BB (Becaplermin - 1 ~&ml 20 EM NaAc Buifer) and Vitoss ScaffoId : 

identification No.: Lot #QA2217 and Lot 081098-146 

Protocol: 

NAMSA Lab No.: 

TI24?-804, THO35-@IO k0 Surgical Muscle Implantation hiThree Rabbits (4 Weeks) .-. 1’ 
with Histopathology 

01T 15267 00 

This amendment was written to clarify the following: 

The two componen$s of the’test artick must bea+xpticalIy combined just prior to implant. To do this, a 1 :l r&o of 
Vitoss (in grams) to rhPDGF-BB (in ml’s) will be mixed The f&en rhPDGF-BB sample will be used and must . 
first be thawed prior to the preparatior~ The resnltipg mixture will then be tied as the test sample. For implanting, 
de amount of the prepared sample that covers the end of a metal spatula will be placed in each test sample site. 

As a comparative control condition, the Vi&S sample will be hydrated with 0.9% sodium chloride solution in a 1: I 
ratio and wilI then be @planted The preparation wiIl be conducted aseptically~ For implanting~ -the amount of the 
prepared sample that covers the end of a metal spatuIa~wiI1 be placed in each comparative’contro1 site. 

Additionally, USP polyethyIene strips cut into 1 mm x 10 mm sections will.also be impknted as a kontrol condition. 
The USP strips %ill be steam sterilized prior to implant. : 

The following implant scheme will be followed: 
I_ 

. - 

.’ 
i 

cranial; 
:Lefl ” Right ,. _‘. _. ; 

: Comparative controi Test sample, . . 
1 Comparative control 

. 
Test sample _. 

Comparative control -. 
: 

Test sample .. ‘. . 
Comparatiye control :Testsaniple _- ‘.. 

USP USP. 
: ._ 

, . : 
USP usp ( -’ -: : : : 

Caudal - 
._,.- 

. . :. 
: . __’ _. . . ._. 

__ . _. 
. . _‘. 

.__ :. 
- . . . . 

1) 

‘, ke. i/,$-Q 1’ _’ I ._ ._ -_ ._ 
-_ ._ . : .: , 

Date. . _. : 
I -_ -.. -_ . 

._ 

NAMSA.QAU BMOOI 73$ ._ . . 
.,cc: 

GLP study tile - ltlcmu‘. 



Appendix 7.7.8: Test Report TI247-804, TH035-800, TI247-001. 
IS0 muscle implantation study in the rabbit 
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Tl247-001 

. . 
. Lab No: OlT 15267-m ..-.. 

i’Si. No. 01-l& ! .. -- 
GLP. 

STUDY TITLE:. 

ISO iviwxm I&PLANTATION STUDY in ti RABBIT 

WITHHISTOPATHOLOGY / .- 

(Surgical Method, 4 Weeks) 

TEST ARTICLE: 
. . 

rhPDGF:BB (Becaple&n - 1. &hn120 niM N&c Btizr) and Vitoss Scaffold, 

IDENTlFItiATION NO; 

Lot #QA2217 and Lot 081098-146 

. . 

__‘.. 

_. 

__ ‘4 
: 

. 
:‘_ -._ . 

. 

_: 

: .__ 

_. . : . .. 
: ..’ : _- : _.. 
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TJ247-804, THO3%800 . L&NO. dlf 15267ob’ - 
TI247-001 

The test article; rhPD&B~B (Becapletr.u.jn -. 1, mgimf 20 mM N&c Buffer) &d V&oss Scaffold, Lot #QA2217 and. 
Lot 081098-146,.was prepared and then was surgically implanted mmuscle tissue ofthe rabbit. The muscle tissue 
was evaluated for evidence of irritation or toxicity based on the requireurents of the International Organization for 
Standardization 10993: Bioldgical Evahrat@n of Medical Devices, Part 6: Tests for Local Effects after 
JrapIantation. 

S&Je implant samples and comparative controls were prepared aseptically. USP negative controls were stetilizzd 
by steam. Rabbits were imphinted and were then euthtiatized 4 weeks later. Muscle tissues were excised and the 
implant sites were. examined macroscopica#y.- A,microscopic evaluation of representative tissue sites &I each 
rabbit was conducteh to further define any tissue response; 

Under the conditions of this study, the macroscopic reaction’was not significant as compared to the comparative 
control material and not siguificant as compared to the USP negative control implant material. Microscopically, the 
te$ article wq classified as a po&ritantt:as compared to the comparative control material and a slight irritant as.. 
compared to the USP negative control article. Additionally, the comparative control was cons,idered a slight hritant 
as compared to the USP negative control article. 

. . 

: 

_. 

,- 

: 

‘_  

_. 
_-  
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TI24?-804,. THO351800 
. . _‘. 

- I.&h&. dlT 1526?.& 
Tl247-001 

rNTR~DucTIoN, 

The j& article idended below was evaluated fdr &compatiiiiity based on the,requirements. of the I.ntern&onaI 
Oqymization for Standardizatibn 10993: Siolo&al Evah&?n of Medicak Devices, Part 6: Tests for Local Effects -- 
after Im&dd0~. The purpose of the study tias to evaluate the potential fbr a local kitant or toxic response to 
material implanted iri d&&t coe?ct with muscle tissue. tie test article-was received ozi Octob&~3,2001 and 
December 10,2001. The animaIs,were implanted on Decem% 12,2001, and tissues were explanted on : 
January 9,2002. 

De study, initiated by protocol signa%e on December 10,2001, was cc&Wed in:&co&nce with the provisions’ 
of the FDA Good Laboratory Practice (GLP) Rdations; 2 1 CFR 58. 
hspecions was issued with this repoti 

A Certikate of Quality Assurance 

The sample provided by the sponsor was id&if&d and handled as f&ows: 
.: 

Test Article: rbPDGF-BB (Becapl&m& 2 1 mg&l 2O.M NaAc Buffer) and Vitoss Scaffold 
Jde@ifkation No: Lot #QA221? and iot 081098-146 

. 

Stability Teqing: In Progress fper SpOnsor) __ 
Expiration Date: Stable for duration of intended &sting (per sponsor) 

Storage Conditions: _ Vitoss Scaffold 1 Room te&petiture 
rhPD?F-BB - Frozen 

Negative Control Article: VSP polyelhyenene~a~~~ontio~ refmenci: strip& were purchased by NA&ISA 
from the’office$ of the US Pharmacopeial Convention and were cut into i 
apprdxixkate I mm x 10 mm,sections. 

Preparation: 

‘Sample Dispdskion: 

The test article was asepticatiy @@ared by adding a 2:gram portion of Vitoss 
Scaffold to a 2 ml po+on of thawed rhPDGF-BB. The comparative control 
article w-as aseptically prepared by adding a 2 gram portion of Vito& Scaffold to 
a 2 ml portion of 0.9% sodiunj chloride USP solution.. USP negative co&o1 
sectioni \irere Sterilize4 b+ s&q. For the test art&& and comparativ& control 
article; an a&roxiuiate 0.1, rnkpotioe (amount that covetid the end of a spat&a) 
was placed in each approptiate site.’ .: 

Any remaining tiple Was r&ur&cI to ie sponsor. .. 
. 

_._ : 

:. 

. , .‘. ._ .) 

-: 

.  .  :  

;  
.__ ._ 

- 

._ 

:  
_. 

:  :  .  

. : ,  
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TI247-001 

METBUDS 

Test Systemi 

species: 
Breed: 
Source: 
Sex: 
Body Weight Range: 
&ge: 
AccLimation Period: 
Number of Animals: 
Identification Method: 

Justifcation of Test system: 

Rabbit ‘(Oryctolagq c&c&) 
New Zeahuid White 
Myrtle’s Rabbitry, Inc. 
Male 
3.5 kg to 4.3kg at implant#ion 
Young adult 
Minimlml5days 
Three 
Ear% 

The rabbit is suggested as an appropriate at&nal mode1 for evaluating poiymer materials by the .cmi& .‘. : L_ : : 
ANSI/AAMI/ISO testing standards .The muscle tissue has been used historically because the response to imphmte~’ . . 

: material -is easily graded and compared to a known negative control mate&l. ._ 

I :. 
Duplication of Experimental Work 

By signat&e on the protocol,. the sponsor confumed that the conduct of this study did noi unnecessarily duplicate 
1: -. previous experiments: 

1 Y . Animal Manapement: 

Husbandry: 

t -, .: 

Food PROLAB@ High Fiber Rabbit Diet was provided daily. 

Water: 

contaminants: 

‘Housing: ., 

1 

Fucihtyf 

Conditions conformed to Standard Operating Pro&lures which are based on the “Guidofor 
the Care and Use of Laboratory Animals.” 

. . 

Freely available; municipal (Toledo, 0H)water was delivered through an automatic .tiatc?ring 
system. , 

: ’ 
Re,asonably eripected contaminants in feed or water supplies did not have the p&en& to ’ 

. .. influence the outcome ofthis test. 
. . :: :. 

-, . . ..:’ : : 
Animals were individually housed in st&nl& steel suspended cages id&tit&d by g car&. . . 
indicating the lab number,~.auimal numbe% test code, sex, and dote implanted.. 1 

..’ :- . . 

‘The room &&p&at& wasmonitored daily. The temperatie range for the iooni was ‘ivithm ..’ 
ti rauge of 61-72“F. 

I-’ .: -. 
‘. ..‘ _. . 

The room humid&$ was monitored daily: Thehumidity r&rge for the room was 30-70%. 
. .. 

The light cycle was controlled using an Butomatitic t&x$ (12 hours l&t, 12 hoursdark). r . .I’ 

NAMSA js an AAALAC International accredited facility and is &gist&& with the Uirited ’ 
States Department of Agri&&ure~ Additionally, NAMSA maintains an approved An&al. 1.. 
Welfare Assurance on file with the NationaI I&titutes~of Heahh, Office for Labor&tory _- _. 
Animal Welfare: 

. 
._. -_ 

_. 
BMQ01737 

. . 

.’ 

, __ _. 

, . . .. .. _. - -__ - SA ._ Corp. Hdqtrs: 2261 Tracy Road. hiortho&i. 0H4%%-;3fn ~419.EX9455~Fa~41%66.2954 
Z+JO Cobb hternational Btvd., Kenne&, 6A’3015’2-76lN / 77tl42731pl~ Fax 7k.4265692 ._ 

: 
.. 1. 
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Tl247-001 

Pe&ollBel: Associates idvolved were appropriately quaiifiedand Lined. 
: 

Selectioq: H&hy animals were selected. To reduce the number of animals used for t&g, &d to : 
comply with the directives of the N.AMSA IACUC, rabbits on this study may have been wed 

- previously in an unrelated test model. Any previously evaluated test or co&01 articles did. 
not cause a response in the animals. Complete hi$ory of animal usage is traceable in . 
laborat&y recorc@. Animals used for previous ev#uati&s are identsed in ihe report.: 

Experimental Procedure: 

Rabbits. were clipp.ed free of fur over the paiavertebti n?zscles. An intr~uscular injection of a combination 
ketamine hydrochloride and xylazine (34 mg/kg + 5 mg/kg). gexieral anesthetic was admi&tered to each animal at a I 
dose of 0.6 ml/kg body weight. Each rabbit was then-injected subcutaneously with 0.02. mg/kg buprenorphine. - 
After the general anesthetic had taken effect, the surgical site was scrubbed with a germicidal soa& wiped with 1 
70% isopropyl alcohol, painted with povidone iodine and draped. The animals were placed on inhatant aesthetic 
for continued general anesthesia during the procedure. __ .‘_ 

An incision large enough to accommodate the samples was made through the skin over the dorsohunbar region of‘ 
the vertebral column. The fascia was cut to expose the pamvcztebti muscle. A hen&tat was gentry inserted- 
between the musdle fibers and opened io forpl a pocket into which the implant material was introduced. Four 
portion& (approximately 0.1 ml per site) of the prepared test article and two USP negative controls sections were 

’ implanted io the right paravertebral muscle of each rabbit. .The sections were placed parallel to the spinal &ohmm 
and a~prdximately 2.5 cm apart. In the opposite &scle, four portions-(approximately 0.1 ml per site) of thk 
pr&par&d comparative control id two USP negative control sections were similarly implanted The f~&.l incision : 
was closed wit$ 4-O gut suture and the skin with stainless steel wound clips. A pressure bandage was applied. * 

‘_ The rabbits were ietutned to their respective cages and &onitdred-for recovery from the anesthetic. Rabbits were. 
‘; observed daily for general health. Body wei&s were recorded prior to implantation and at termination. 

On the day following~urgery, a&her buprenorpbine injection was administered subcutaneously at a dose of 
0.02 mg/kg: Animals remained bandaged for 14 days; bandages were replaced as needed during thistime. Wound 
-clips were remov‘ed at 14 days after surgery. 

At 4 iveeks, the’rabbits were euthanatized by an intravenous injection of a sod&n pentobarbital based drug. The. :’ 
p%veitebraI muscles were dissected free aqd fixed in 10% neutral buffered formalin (NBF) to facilitate&tt&. 
After fixation; the muscles wtie’methodically cut cranial to catida to locate the test, sponsor provided and nega&e . ’ 
control sites in each rabbit. All test, compaiative control and negative co&r01 sites were accounted for. Capsule 

1 formation or ‘othei Signs of irritation were Scqred using’low magnification z&d tl+ scqres were &corded ,as foilowS: - 
‘. . . . . . 

-_ 0 No capsule, no adyerse reaction (other than minimal &morrhage) : .. 
f Up to Cr.3 mm caps.ule or reaction -m 

I __ 
_. ._ t __ 

2 0.6 to 1;Omm caj~~le qrreaction &a 
. 

: 
3 1_ J to 2.0 m ,caps& or reac#on are; .. -. 

. 4 >2.0 mm capsule’or reaction area - : . ’ .- 
’ Ev&aions a&d $tatistics: 

. . . 
I _. 

- ._ 
The tissue im&nt sites (t&t, conipar&vk control and nk,tive control) from each rabbit were excise&aiiowing a 1 I 
sufficient area around the site f&r cro@r histological preptition. Test, comparative control and negative control I :_ ._ 
articles were removed Corn the sites. .These sectionswere histobgicaliy processed (embedded, sectiodkd and 
,.s@ied in hematotilti -and eosin) for micro&o&c eva&ation. . 

. : 
_’ ._ 

IBM001738 
_. 
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Average macroscopic scores for test imphmts weie compared to average scoi-es’of the control sites. CT&uh&ns 
were rounded off to the nearest 0. 1 _ -A Reaction Index difference of 0.0 to 0.5 ip scores (test mim.ts.control) was .. 
regarded as “not significant,” 0.6 to 1.0 as a ?race,n I .I to 2.0 as “slight.,“.2.1 to 3.0 as “moderate” and X3.1 as 
“marked” 

A microscopic evaluation of tissue sites -from each rabbit was conducted to further defhte any tissue &ponse. The 
h&topathology evaIuation was Tonducted by a qualified pathologist The microscopic irritant response was graded 
as nonirritant, slight, moderate, or severe. 

5 REsuL?s 

Clinical Observations: All animals appeared clinically normal throughout the duration of the study. Body weight 
data for individual rabbits were considered acceptable. 

: 

1. ._ -. 
Macroscopic ObServations: There was no v&rble.reactiou at any test or control site. This resnlted in-a macroscopic 
reaction of “not significant” tissue contact irritation. 

t : : 
j The findings for the m&roscoPic evaluation are shown in Table 1. 

I‘ Microscopic Observations: The test article was a nonirritant as microscopically compared to the comparative 
control, and a slight irritant as compared to the USP negative control huplant material. ‘Additionally, the 
comparative Control was a slight irritant as compared to the negative control. Ludividual results of iheph0iOg-j 
findings appear in the microscopic evaluati0n.repor-t. I-. -’ ‘_ . . 

Results and conclusions apply only to.the test article tested No further evaluation of these resuhs is made by 
NAMSA. Any extrapolation of these data to other samples is the responsibility of the sptinsor. All procedures were 
conducted iu conformance with good.iaborato@ practice aud IS0 17025. . . 

CONCLUSION 

-Under the conditions of this st&ly;the macroscopic reaction was not significant~as compared to the’comparative 

I 
control material and not significant as compared to the U.SP negative dontrol implant material.. Microscopically, the 

‘. test article wasclassifiedas a nonirritant as compared to the ctimparative control material and a slight i&ant as 
compared to the USP negative controi. article. Additionally,‘the &mpar&ve control:was considered a slight irritant 

I,;- 
: 

‘:’ . -‘ 1 
as compared td the,USP negative controt article. 

‘. ._ ,: 

REi2ORD STORAGE ._ 
: . . . : ._ : 

AR raw data; paraffin bloc& and tissue~sLides~~pertai&g to this study and a copy of the fin& report are io be . . . . . 
retained in designatedNA&KA a&rive files. ._ 

;-. : 

. . 
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Lab No, 01T 15267 00. 

TABLEI; 

BODY WEIGHTS AND MkCROSCbPIC OBSEI&ATlON$ 

-Test ../j USP Rabbit 
Number/ 
Gender 

27041* 
Ma+ 

We& (kg1 
Day Day 

0 28 

4.3 4.5 

.‘27148 
Male 

3.6 3.7 

27035*- 
Male 

3.5 3.6 

Average: 

*Previous &‘&tory traceable in labor&ox-y records. 
jSite not hated. 

Cpmparative 
confl-01 I Negative 

Control 
0 

,_ 
... 

.:. 1 

: 

- 

. . 
-. . 

. : ._ 
_. -- 

. 

. . ._ 
- 
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TI247-001 

ApPENDtil 
. . 

IS0 MU&&E Ih@LANTATION STUDY IN THE RAB&f (s;uRGICAL ME&OD) 
MKROSCOPIC EVALUATlh OF &PLANT SIi’Es 

Test Article: rbPDGF;BB (Becaplermin - Imghl20 mM NaAc Buffer) and Vitoss Se&fold 

Comparatke Co&ok 0.9% sodimh &hide solution and Vitoss S&old 

#arval Implanted: Fou 

Rabbit Number: 
Inflammation- 

Plasma Cells 
Macrophages , 
Giant Cells 
Necrosis . 

SUB TOT& (X2) 
Fibroplasia 
F~lbrosis 
Faw Infiltrate 

SUB TOTAL 
TOTAL 
GROirp TOTAL 
AVERAGE* 

4) Weeks 

TEST 

37 
TEST 12.3 (-) CONTROL 15 

2704 1 2’7148 1 27035. 
I 

COlkPARATIvE CONTROL 

15 14. 12 
‘2. 2 2 
1 1 1. 

*Uskxj to’ determine Irritant Ranking’Score shown below as the Conchxsion. A negative diffqence yas recorded 
aszerci. 

.- ,-_ 

: 

. w 

s!! .. 

Em& Medi&t D&u, 
Canndii~lc- 

5M00174Tl 
.i 

. 

‘.. :Page 9 oil5 
. .‘. .A . j_ -. .: , 

Corp. Hdqtrs 2261 Tracy Road. No&kood,DW436tPl~ / 419.868~46 /Fax 419.6662~54 .. ‘_ 
34OUCobb khmational Blvd.,i(ennesavl;GA3D~52-76D1~?7~42T3101 /Faxi70,426.!iGSf2 .- . 

.S Morgan, ipine, CA SE18-2078 I S48.Sk3110/ Fax 949.S51.328g _ 
Aftiliate‘x france - .6erreany. - krael l Triiwan f United Kingdom .- 
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T@t7-002 

APPEZNDIX 1 (continued), 

IS0 MUEZLjE IMPLA$ITATION i+X'UDY IN TEE RABBF (SURGQL METHtiD) 
MICROSCOPIC EVALUATION OF IMPLA&T SITES _ 

. . 
Test Articles rhPDGF-Be (BecapIermin - lmgM20 mM NaAc Buffer) and- V.itoss S&old 

hterva.l Implanted: Four (4) Weeks 

*Used to determine Irritark~ Ranking Score shofl’below as the Conclusion. A negative dikkence was recorded 
as zero. 

. 

_- . . . _ j ._ : 

I: 

._ ..._ 
: _: . 

_’ . . 

I.-- ...’ 
. 

_: .. . .- *. 
... ( ., 

MulOOl742 : ;. . . 
i. ._ . . .’ . . Page ldof 15 - ;-__ _:. ._. 

:. I. . ; :’ _-.._ 
: Coip. Hdqtrs 1261 Tracy Rba& N&itiod. OH &n&7 I i lSBXti5 /Fsx 4iSk6&4~ 

‘_ 
1 : . 

: ‘. 3400 C6bb Jnternati&J J3f& Ke$Waw,~.X 30452-76t?t i?X&427.3101/ Fax 770.4&.5692. . . : ‘- 
‘. 
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.’ 



_. 
TJI247-804, THO35-800 - La&o. 01T 1x526? 00 
TI247-00 1 

> 
APPENDrx 1 (co&Imed) 

: 

Is0 Muse &PLANTATION STUDY m THE RtzBBrx (SURGICAL -0~) 
MICROSCOPIC EvALUATIOti OF IMPLANT SITES 

: 

Comparative Control: 0.9% s@hm chloride soltitioti aqd Vi&s Siraffold . . 

Interval Implanted: Four (4) W&e _ 

cqh,fP~m-Co~oL USP~GA’IIVE CONTROL 
Rabbit Number: 8 23041 27148 27035 !d 27041 27148 I 

!I Inffaxnmation ‘W- I I II I --T---T- 

n It -- 

AVERAGE* TEST 1-5.7.. (-) CONTROL .7.0 i= 8.i 
*Used to determim Q&ant R&king Score shown’delow as the Conclusion., A negative diierence waS record&?‘ 
as zero. 

; 
: 

_’ _ 

:’ _ 

_. 
-. 

.. 

‘._ 
, 

. :. 

_’ .. 

. . 
, ..: 

._ _; . ._ 

: 

. :  :  
. :  ;  

*  

iwQ01743 _-_: 

Yage’ 1 I. of 1.5 : ..- 

.., 
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,, . -_ 
En&q lifedicil Device : 

3 Morgan, hine, CA srt;?8-~~903.951.3110/Fax~~351JL80 _. : 
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m47-804, Ix035800 
‘p247-001 

. I  _ 

Lab No. OTT 15267 00 / 

_. 
APPENDlx 1 (ccIltiued) 

comments: _- 
: - 

The test article consisted of distinct, shghtly irregular basophihc gram&r material. A p&entage of the material was 
tram&cent. Most of the material was extracellular with some remaining within the cytoplasm ofmacrophages:and 
giant cells (Pigme 1). The comparative control consisted of &n&r material (Figure 2). The comparative control 
“yas associated with a slight increase in the number of infkmmatory cells as compared.to.the test article. The tissue 
i-me to the test and comparative control was within me expected range.for their physical characteristic. ’ 
(g&m&r). There was no evidence of a toxic leachable component for either the test article or comparative controL ‘. 

Conchrsion: 

Under the conditions of this study, the test article was considered a 
~~Nonirritaut (O-O-2.9), __ Slight Irritant (3.0-8.9), L Moderate Irritant (P-O-1X0), _ Severe Irritant (&) : 
to the tissue a~ compared to the comparative comr~l. 

Under the conditions of this study, the test article was ccksidered a 
-nonirritant (W-2.9), X Slight Irritant (3.0-S&,-Moderate Jrritant (P.O-15.0), .- Severe Irritant<~l5.l) 
to the tissue as compared to $ie USP Negative Control Plastic. 

. 
Under the conditions of this study, the comparative contiol was considered a 
-Nonirritant (0.0;2.9}, X Slight Irritant (3.0X9), _ kderatekritant (P.O-lfi.O), i Severe Irritant (&.i) 
to the tissue as compared to the USP Negative Control Plastic. - 

: BMOOg744 y ./ : :...‘- . - 
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: 
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APPFBDIX 1 (q&inued) 

Digital Images ._ 

Figure 1. Test implant site, animal number 27041, 
40X, HE. The test article induced a m ild fibroplastic 
and fibrotic response. A low nuxkber of inflammatbry 
celk and -immature blood vessels per&rated into the 
test article. I 

Figure 3, Comparative implant site, animal nnmber 
27035,4OX,Hk The comparative control article- 
induced a similar tissue response. 

Figtay 2. TeSt implant Site, animaI xwr&er 2704 1, 
200X. HE. This image is of a higher magnification of 
Jhe test iFplant site in Figure 1. 

Figutye 4. C?mparative impiant site, a&&I number.. 
27035,200X. HE. This imageis of a hi* 
magnification of the comparative control implant site 
in Hgure 3. There weie more inflammatory cells 
present in the comparative control impI& sites as 
compared tothetestimplant sites; 

‘- . 

II 

-_ 
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A P P ’E N D IX  I (kont inued)  

Digi tai  Im a g e s  (cont inued)  

‘1. -: 
F i g W e  5. U W  plast ic implant  site, an ima l  n u m b e r ’ 
2 7 0 4 & 2 0 0 X , H E . T h e  control-  implant- t issue 
in& f&e  consis ted of a  thin r im of f ibroti t issue 
inf i j trated by  var iab le  n u m b e r s  of’in f lammatory  cek 

-. _ _  :j . 
. . 

_ ’ 
‘_  

-_  

* 

.__ ’ 

._  -_  B M O 0 4  7 4 6  
. . _ _ .  _ . -  5  : 
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. 
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‘_  

. 
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.. . ._ 
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. : . -...,, 
_. 

.- 
-_. 
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_:-. _.  ._. 

., Corp .  H d &  2 2 6 1  T&y  Rpad ,  N o r & h o o d ,  d t?  4 3 6 1 ~ 1 ~ 1 4 1 9 . 6 6 6 6 ~ ~ / F a x 4 1 9 . ~ x ) 5 4  -- ’ 

: + + 4 o f15~‘~  
: 

3 4 0 0  C o b b  In tehat iona l  Blvd.,  K e n n q s a w ,  G A  30 t52 -~601 /7?0 .4~ .3 f~ l  /Fax ? ? O . p 2 s s S m  .e .. 
. . 9  M o r g a n ,  Irvine, c A ~ 9 2 6 1 3 - M 7 8 1 3 4 9 . 9 5 1 3 1 l O / F a x  9 4 9 . 9 5 1 3 2 8 0  - .’ 

Wi l ia tas:  F rance  . - G e r m a n y  * Israel  l T a i w a n  9  Un i ted  K i n g d o m  :_ -1  



Tf247-804; T-Hog52300 
TI247-do1 

LabNo.. 01T i526-I O& 
._ 

. 

CERTFEAiE OF QlJALI’iY ASSijRAlKX WSPE&ONS ._ 

Final ‘Report Review Feb. I, 2002 

Auditor 
Reportsto 

This study will be ipcluded in the next periodic stat& report as cor$leted.- 

. 
i 

. . 
_: 

. . 

_I. ‘.. 
: 

. 

. : 
) T&is study has be& conducted in accoidawe tiith the provisions if thk FDA eood LaboratMy Practice. Fe&a&&. 

:: (2)cFlI,pa&3). ’ :y 

. 
. 

. 
: _. : _. 

I _- 

, .‘_ 
. 

_- 
‘. QA Repmentati& , . LisaM:Byrd,CQA, A&ATV . . . Date , -. : 

Auditor,,Qu$ity Assurance I % 
. : - 

. . . . 
_- ..- 

-.$a& .. : , : _;. 
-. I( . . 

: 
. : e : 
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. . ., - ; r ._ .. 

Corp. tidr#ix 22El Tracy Road,Northivood; OH 4381~lx% / 413.~w3455/f%x 419.6662354 - 

,300 Cobb lmematiokal Bhrd, Kennesa& GA 3015%7601/ 770.427.&01 /Fax 770.4265632 L. 

. . 3 Migan..lrvini, c/;9T$W-2Oi8 / 349.951.3110/ fix~i49.3513& 
Affiliates? .Franee l Gemrany l Israel * Ta-wan - United Khgdom .f _: ._ . . 



_; .. -.-- - .- . . . . I _.____ _ --_._ ._ ---_ 
sell; By: NhfnsA t .4t9wz4351; &t-tl-Gl- i-f :ih, - .YL*.. . . - f--- 

-_ 

BMOOj748 
‘. : 



This form is used TV non-clinical studied tobe cqdutited according to FDA Good‘kaborator; Pr@ce Regulations . 
al 21 CFFt Part 56,. Ctipletionio! this form identifies material that will be IistetWn ‘a NAMSA Master Schedule 
Sheet available f&r FDA inspec’rion. All information requested must be &&&ted to NAMSA before testing may _ 
begin. . 

I 

Ayn: I 

..i 

: 

Stability: The’sponsor &WES that the above material’ has been characterized fo; identity, stritngTh. .’ 1 
purity and composition cfs.required by swbpart F section 58.105 [sei’back}-’ .Stabifity -testing fs the - - 1 
responsibility Of the sponsor and.@ subject’to FDA audit: pIeaSe, indicate one r$.lhe following: 

-- r. . . x. .~ _ 
Stabrbty testing is in progress: article is stable for dwatiop of intknded ,testing: ~ :_ 
Stability testing is’complete ati on file with ‘sponsor. Expiration O%e: -3. ‘+ * -: - . 

*. . -_ 
Disposition: Discard&stray-; Return to Spgnsor)(; Retain’- ;r,~“” f~.ti~ knpr thm 28 dwr _ .__ -. 

7.’ - 

B. Cmtrol &tkl~ submitted By-Sponsorz No -xl 

. 
: Yes~. - I&n&&n~. .- ” 

; ‘.. 
1. BatchfCode/Lot kircte ‘one) Identification: (. . _. . . - b -‘,c _ _ .i -._-- c _ 

2, Storage Conditidt-s: &ok Temp 
; -6.L “f’?.. 

.-; Ref rig.-, - Freezer-, - Other: 
.-__ 

3. Handling and .~af&.P&autipn~ 

,._ .’ 
.( ..__ . - . . .: I ‘-+ - - . . . . _ . . 

4; Stability: Ckkk&&&n and stability infomako? as above’are also-t&uired f&r control arti&&-..- 
-. 

- .. : :. : : . ‘. 
Stability testing is in progress; &tide is stable for duiation of iriteoded te&& 

: 

.-Stability testin$:is complete and 0.0 Iile with sponsor. ~piratiin f$tk:~ 
‘_ 

-Market&d product’ stabijity characierized by iis. !abelinp. : - 
_. : 

- . . . ‘. . : 

C. ,Mixt&? of test. & cbtit(ut ‘B&l& with carriers require analysis to demimstratk properr concentrqtio<: 
homogeqeity and stqbiiity; ‘Sponso; ‘.will providk analytical method5k. 

& 

- or, wi!f perfoim--analysis w. --- 
_ -: .f - 

._ .. . 
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N-SAT”’ GLP, PRQTOkOL 71”247 
. . 

IS.0 MUSCLE IMPLA@TATION STUDY IN F RABBI+ ’ 

WITH HISTOPATHOLOGY 

(Surgical Metl;od, 4 Weeks) . 

Spimsor: 

Bill Beasley _.- 
BioMimetic Ph&maeeutical Inc.. -, 
I6 16 Westgate Circle 
Brentwood, TN 37027 

Test Facilitv: * NAMSA Use Only 

North AmericanScience Associates, Inc. (NAkSA) 
2261 Tracy Road 
Northwood, OH43613-1397 

.Iabti$T-1.52G?.-0.0 

CE.P NO. 1649-LLT Revised) 

Approvals: 

Protocol Sub@ted By (NAMSA): 

Date Issued: _ 

: -. ._ - 
; P&&p& Invtkigator: ., ._ 

(~po=or) : . . _, ,I 

_ 

Date Approved: : 
._ ; ... 

/pd. .- . . . 
..: 

: 

Study Director 

._ .I, . . ._ . . BMO011750 :: 



TI247-804, THO35-800 

NAM$ATM GLP PROTOCOL T1247 

ISO’MUSCLE IMPLANTATION’SkJDY~ IN THE RABBIT . 

WITH HISTOPATHO&OGY 

(Surgical Method, 4 Weeks) 
.. 

Purpose of the Study: 

‘The objective of the study is to evaluate the test article in direct contact with mu%& t&we following surgikl 
implantation. This study will be based on the requirements of the International Organization for Sfandardization 
10993: Biological Evaluation of Medical Devices, Part 6: Tests for Local Effects a&r I&plantation. 

This s&dy will be conducted in accordance with the requtiebek of the .mA Good Laboratory Practice (GLp) 
Regulations, 21 CFR 58. 

; -- Test Article: _- 

The sponsor &II submit the test article to be evaluated. Detailed in&ormation about the test article will be provided .. 
by *e sponsor on the GLP Compliance Notification form furnished by N&ISA or en a similar attkhment ib the 
protocol. The implant sainples ,v$l be no larger than can be accommodatecf by tb~ tissue (e.g., less than or equal to 
15 mm x 10 mm x 2. mm in area). The test article should be manufactured, processed, cleaned apd steriliked by the 
method +ended for the final product. When provided sterile, the test &ticle~x+ll be h&&led aseptically. In‘ the : 
event that the test article is not supplied sterile, the following is to be corkpleted (with initiak and date in the 
margin) by the sponsor or study director- Fwther instructions r&y be attached to thy protwol; The s&&e will -be 
sterilized as follows: 

The test facility will sterilize the test article by ethylene oxide (EO>. &plant samples sterilized by l!ZO will be. 
degassed at least 4 days prior to implantatipn. .- 

n).e test facility will sterilize the t&t art%+ by.steam (121°C). 

The test facility will cut the samples to the appropriate size (if applicable). For each rabbit, a minimum Of fain ’ 
se&as of the test article will be prepared. _. 

: . 
.* 

Control Article: 
: 

__ -. .‘. -, ._. 
. 

c  

:  I  

: 
It is recokmenked that a comparative material be tied as a cdntrol, The‘s@onsor & submit a mater&l con$arable ‘. 

-. i in size, shape, surface condition, manufac+g, processing and sterilization. Detailed information about t&e. Control 
article willbe provided by the sp&sor On the GLP Compliance Notification form fbmished bjr.NAMSA or on a- . : 

__ sirnil& attachment to the protocol. ,: -__ 
‘. . ., ‘, .- . . . . L 

sponsor provided control submitted . - 
__ The test facility will ste&ze tlksponkr provided control artick by e’tl$lene oxide (EO). Imp&t 

‘samples sterjlized by EO wiil be dega?ed at least 4 days prior to implantation- 
_ 

. :. : 
T$: test facility wili sterilize the control aa& by steam (12 lo,@ ; ,* 

. . 
- 

._ 
“; .-. 

._’ 

-_ :. in the eitint that such a mateGal is not supplied by the sponsor, the test fadility will st$ply USP $&ethyl&e strip.% 
-purchased from the offkes of the US Pharmacopei$ Convention & the negatik. cdnti@. The strips will be cut into 
.I mm x  IO mni sentient (four per rabbit). Only if appropriate, the USP’ plastic strips w& be ff attened tid cut to a . . 
similar shape 5s the test implant. The control-articles will be sterilized in the Sam& manner as the test articles if&e- 

_. test articiels supplied st&-ik, th&USP strips will be steriliiedby steam. .. - 
. . 

. 
.Corp. H$W% 2261 Tracy Road, No&wood. OH 4361~@97/4E~66&9455~ Fa~419.66&29% 

Page2of7. .. 
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Affdiares Frarice - Gemany l &et - Taiwan’- United Kingdom 



.  

,  

j 

r  

- ,  ? . .  

..a’ . -_  

:  

:  ,  

:  

:  

.-  - .  

.  .  

:  _  

Tl247-804,  T B O 3 5 - 8 0 0  L a b  Nd.  
i)lT.- IS .26 1  -‘cio 

Test Svstem: 

Spe&s :  
Breed :  
Source :  
Sex:  

B o d y  Weigh t  Range :  
A g e : 
~cc l ima t ioh  Per iod:  _  
N u m b e r  of Animals :  
Id e n tifica tio n  M e thod: 

Rabbi t  (Oryc toZug~.~  cuninr lus)  .- 
N e w  Zea land  Whi te  
S ing le  U S D A  l icensed suppl ier  
N o  part icular  g e n d e r  is prescr ibed for this test, however ,  al l  rabbi ts  wil l  b e  of the _  
s a m e  sex 
Not  less then-25  kg  at implantat ion 
Y o u n g  adul ts  
M i n i m u m  5  days  
Th ree  

‘Ear tag  

Justi f ication of Test System: 

-‘T h e  rabbi t  is sugges ted  as  a n  appropr ia te  an ima l  m o d e l  for e v & $ n g  po lymer  m a terials by  the current  _ -  .- 
A N S J / A A M Y l S O  test ing s tandards.  T h e  musc le  t issue has  b e e n  used  historical ly because  the response  to imp lan ted  

-..- 

m a t&ial. is easi ly  g r a d e d  a n d  c o m p a r e d  to a  k n o w n  negat ive  control  rnateriai. .  
. 

Dupl icat ion of Exner imenta i  W o r k : 

By  s ignature o n  this protocoi ,  the sponsor  conf i rms that the conduct  ofthis stu d y  d o e s  n o t u r m e tiessa+ ly’ d u p l i & e  ’ . 
p r e tiims  exper ix ien lx  

~An i rna l  M a n a g e m e n t: 
‘. ._ 

Husbandry :  

Food:  

W a ters 

contaminants:  

Hot is ing: 

Facil i tyz’ 

Personnel : .  

Condi t ions’wil l  cot ionn to S tandard  Opera t ing  Procedures  wh ich  a re  b a s e d  o n  the “G u i d e  
for the Care  a n d  Use  of Labora tory  A iGmals .” 

: _  

A  commexcia l ly  avai iable,  pel leted,  rabbi t  feed wil l  b e  p rov ided  dai ly. 

Freely  avai lable,  mun ie ipa l~water  wil l  b e  de l ivered th rough  a n  automat ic  water ing system. 

Reasonab ly  expec ted  contaminants  in  feed or  water  suppl ies  shou ld  not  have  the potent ia l  to. : ‘- 
inf iuencet l ie ou tcome offhis test: -  

& Is wil l  b t5  indiv idual ly  h o G e d  in stainless s teG1 s u s p e n d e d  cages  ident i f ied by  a  card  _-  
@ iicat ing the lab  nmnber ,  an ima l  number ,  test code,  s&  a n d  da te  implantet j .  

.: 
_. . 

._ 1  
T h e  r o o m  tempera ture  wil l  b e  mon i to red  dai ly. T h e  r e c o m m e n d e d  temp~era tu re  r a n g e  for the _  
r o o m  is 61-72*F.  ‘_  - ._ : ._: 

T h e  r o o m  h u r m ’dity wil l  b e  ‘mon i to red  daily.. T h e  humidi ty  r a n g e  for the r o & n  is 3 0 - 7 0 % . .1 -. 
. . ^ _  ._ : 

T h e  l ight cycle witi b e  contro l led u & r g  a n  au tomat&  tim e r  ( 12.  hours  l ight, f 2  hours  &rh). ,  i 1  . .- . . ; ,. _.. 
N & IS A  is & r  A A A L A C  Internat ional  accredi ted facility & d  is reg is tered with the Uni ted-.  ’ : 
S tates Depar tment  of Agricult i i re. Addi t ional ly ,  N A M S A  mainta ins  a n  a p p r o v e d  An ima l  
wel fare Assurance  o n  fi le wi th the Nat ional  Institntes of Heal th,  O ffice for Laboratory .  - (’ ‘. . 
.f lnixyal Welfare. .  _ -  

- .-. 
Assobia tes  invo lved wi l lbe appropr ia te ly  qual i f ied a n d  trained.  

.. . 
. : 

E n s u r i o g  Med ica l  Dev ice  -._ .^  .- 

B M W 1  7 5 2  : : ‘.. : . . _ . .-._  
.’ Pig&qf7. .  ,. 

Corp.  Hdgtrs:  2 2 6 1  Tracy Road .  t ior thwood,  O H  4 3 6 1 ~ 1 3 9 7 / 4 1 9 ~ . . 9 9 5 5 / F g x 4 X 9 . 6 F s 2 9 5 4  .:. . : 
3 4 0 0  C o b b  ln te rna6ona l  Blvd.,  K e ( e n n e s a w ,  G A  W 5 2 - 7 6 0 1 /  7 7 0 . 4 2 7 3 1 0 1  I Fax + 4 2 6 . 5 ~ 9 2  ’ ._ 

S M q r g a n ,  Irvine, ~ 9 2 6 t S - 2 o 7 8 / 9 4 9 . ~ 1 . 3 1 i O / F a x 9 4 ~ 9 5 1 3 2 ~  .- ._ 
*ir;i;.,,,*. Er- ,nre.  * Cn-. ,n.  - ,..,“A  ^  2-e: .P.r  - l l .d.“l v-,.-.s-- -_  



TI247-864, THO35-800 : 

I Select&: 
._ 

Healthy anin& wili be selected. Toreduce the number of animais used for testing, and to 
comply with the ‘diictivcs of the$lAMSA IACUC; rabbits on this study may have been &ed 

.) previously in an unrelated test model- Any previously evaluated test or control articles did 

I 

not cause a response in the animals. Complete history of animal usage is traceable in _ 
Iahoratory records- Animals used for previous evahrations will.be identified in the report. _ 

I . 

1. 

I 

i . 

Sedation, 
Analgesia or 
Anesthesia: 

Veterinary 
Care: 

It has been determined that the use of these agents will be necessary during the routine 
course of this procedure. 

In the unlikely event that an animal should become injured, illI or moribund, care will be. 
conducted in accordance with current veterinary medical practice. If warranted for humane 
reasons, euthanasia will be conducted in accordance with the current report of tbe American 
Veterinary Medical Association’s Panel on Euthanasia. The objective of the study ivill be 
given due co&den&ion in any decision r&d the study sponsor v,Gll be advised 

‘IACUC: This protocol has been approved by NAMSA Institutional Animal Care and Use Committees 
(IAbJC), and is reviewed at least annually by the samk committees. Any significant 
changes to this protocol must be approved by the lKUC prior to conduct. 

Methods and Route of Administration: 

-Rabbits will be clipped free of fur over the pamvertebral muscles. An intramuscuIar injection of a combination 
ketamine hydrochloride and xylazine (34 mg&g + 5 mg/kg) general anesthetic will be administered to,each animal at 
a dose of 0,6 ml&g body weight. Each rabbit will be injected subcnta.neou$y with 0.02 mgikg bnprenorphine. After 
the general anesthetic has taken e&ec!, the back will be scrubbed with a germicidal soap and wiped with 
70% isopropyl aicohol. The surgical site will be painted piith an antiseptic such as povidone iodine and draped The- 
animals will be placed on inhalant anesthetic for continued general anesthesia. 

An incision large enough to accommodate the samples will be -made through the skin over the dorsolumbar region of 
the vertebral column The fascia will be cut to expose the pamvertebral muscle. A hemostat a be gently inserted 
between the muscle fihers.and.opened to form a pocket in which the implant material will be introduced- Three test. 
article and two USP negative control sections will be implanted in the right pamvertebral muscle of each rabbit. The ’ 
sections will be placed parallel to the spinal coiumn and approximately 2.5 cm apart. In the opposite muscle, three 

._ sponsor provided control and two USP negative,control sections will bq similarly implanted. If a $ponsor.control. is 

-A not submittea, the rmmber of test and USP negative control sections implantedwi.l.l be increased to four each The 
/ :. fasdial incision will be closed with 3-O or b gut suture; The&in will be oloskd with 4-O nonabsorbable suture or I’ 

stainless steel wound clips. A pressure bandage +.l be applied The rabbits will be returned to their respective 
cages and monitored’for recovery .&om the anesthetic. 

;‘- 

Qn the day foho&ing surgery; ‘&other buprenoq&ine injectiori.will be administered subcutaneously at-a.dose of .. 
.0.02 mg/kg. Animals will remain b+daged for 10-14 days; bandages will be replaced as needed during this t&e- 
The skier sutures or wound. clips will .be removed 10-14. days after surgery-. Body weights will be record&l prior to 

: : 
__ 

implant and at termination. : ‘_ 
. : 

. ._ 

: 

‘_ . . 
, 

., ’ . 
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-TI247-804, THO35-800 

TerminaI Studies: .- 

After 4 weeks, the rabbits will be weighed and euthanatized by arr intravenous injection of a sodium pentobarbital 
based ‘drug. The pamvertebral muscles will be dissected free and fied in 10% neutral buffered formahn (NBF) to 
facifitate cutting. After fixation, the muscles will be methodically cut cranial to caudaj to locate the test and control 
sites. MI test and control sites will be accounted for, ..Capsule.fomiation or other evidence of irritation will be 
scored using low magnification and recorded as follows: 

0 No capsule, no adverse reaction (other than mini* hemorrhage) 
1 Up to 0.5 mm capsule or reaction area 
2 0.6 to 1 .O mm capsule or reaction area 
3 1 .f to 2.0 mm capsule or reaction area -_ 
4 >2.0 mm capsule or reaction area 

Test and control articles will be removed, from the sites. The tissue imphnrt sites for. each test and control horn each 
rabbit will be histologically processed (embedded, sectioned and stained in hernatbxylin and eosin) for evahtation by 
a qualified pathologist 

Evaluations and Statistics: 

‘The recovery of a minimum of eight representative test sites and a minimum of eight control sites will be necessary . 
for a valid test. The average macroscopic scores for test imphurts will be con@red to average scores ofthe control -_ 
sites. Calculations wil1 be rounded off to the nearest 0.1. A difTereneeof 0.0 to 0.5 in scores (test minus control) is 
regarded ‘as “not significant,” 0.6 to 1 .O as “trace,” I _ 1 to 2.0 as “slight,” 2.1 to 3.0 as “moderate” and Z3.I as 
“marked.” 

The microscopic evaluation will be conducted by a qualified pathoh.@& Celhrlar changes will be graded acconfiag 
to severity (O-4). Any resulting irritant response indicated by a difference between test and control values will he -. 
graded as nonirritant, slight, moderate, or severe (see attached). 

Reoort: 

: The-final report will include a description of the methods employed; individual body weights, macroscopic scores, 
results, abnormal observations if noted, and the microscopic evahration in the histopathology report; ., . _’ 
Quality Assurance:- 

.-. .. 
Inspections will be condilcted at intervals adequate to as&-e the integrity of the study m conGormance with : : 
21.CFR 58.35(b)(3). The final report will.aLso be reviewed for conf&nance to Section 58.185, Subpart J;of the. .. . 
GLP Regulations. A C-cam of Quality Assumnce Inspections will be provided with the final repot-~’ : _ 

._ _-_ _ . . ,: 
Rec&ls: : ‘_ 

: : ._ . . _-. 
Method of sterilization individual bo& vveights, dates of relevant activities (&ch as de study initiation and 1’ 
terniinaton),.macroscopic and microscopic observations andresults will be recorded. -. 

.. ’ . ‘. 
” . . t 

, Afl’raW d&~parafG lh& and tissue slides pertaining to this study and a copy of the fml report will beretained .... .‘-: T 
in designated NA&fSA archive fies. : ._ . 

._ . . : 
The firh &dress of any consultant retained by NA$&A will’not be inchrded in the regort, but will be on file at. 
NAMSA. NAMSA conducts routine audits to ensure that cvrn&ar$s are in compliance with apphcablk regulatiqns. ‘: 

f 
-. . ‘. I 

. BM00-8754 

Corp.kdqWs 2261 Tracy Road;&thbveod. OH 4361$&$7 ~419.666.$455/ Fax 4l$.E6&54 
34bo Cobb lnternationai Blvd.. Ken&&E4 &5~-7M)l/ 770.427.31ot / Fax 710.4z6ki~2 

. 
EmAg Medical DevicC~ 

$htgan,b&, CA9261&2078/949.9513110/~ax~~1.3280 ., .. 

Sal& and Cwnnlianee- . Attiliater France * Germany l Israel *~Taiwan l UnitedKingdom : 



ProDosed Dates: 

The study dates will be-,f&Iized by the study director fbllowing receipt of the sponsdr-approved p&co1 and 
ap$qxiate material for&e study. lni$ation of the study will be the date on which de study director signs the GLP 
protocol. Proje.cted dates for starting the study (first treatment) and for the coqletion of&e study (final report 
release) will-be provided to the sponsqr (or reI5resentative of the spksor) and added to the protocol. 

References: 

2.1 CFR 58 (G&P Regulations). 

Guide for the Care and Use ofLaboratory Animals, Institute for Laboratory kknal Risea& National Academy of 
Sciences (Washington: National Academy Press, 1996); 

International Organization for Stand&ii&on 10993: Biological EGaIuation of Medical Devices, Part 5:. T&&s for 
Lokd Effects afierhr@mtation _ 

OLAW, Public Wealth Se&e policy -on Humane Ctie and Use of Lab&tory Animals (NIH Publ&atkn). 

United States Code of Federal keg&&on (CFRj 9: The AnimaI Welfare Act. 

United States Pharnxkopeia (USP), current edition 

Protocol Chanks: 
1 

Any necessary changes to the protocol after spomar approval or &udy initiation will be documented and isovid 
by the study directdr as protocol arne@nents. Copies will be distriiuted to.+ sponsor, the raw data file, and the 

- ‘NAMSA Quality Assurance department. 

: 

I 
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.: 

.- 
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- 
: 

-_ 
_ . . . -. 
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. 

_I.. . 
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.L 

;;.I T&g&k :- .. _- - .- : .- Y  

: 

Jhrphdqtrs k!t3 Tracy RoaC‘lhtmod, OH 436191997~ 419566.9455/Fax 419.6662954 
34bO Cobb Internathnal BM~,Ke~eraw, GA 3&2-7601~770.4~7.3tOl I Fax 770,42fL%92 

’ Essuting’MediealDerifc --. .^ .- 

.- 
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-.: 
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: 
APIQ3aDIX 1 

i 
_’ 

IS0 MUSCLE WL&I’ATION %iUDY IN THE RABBIIT (SURGICAL METHOD) 
MICROSCOPIC EVALK4TION OF IMPLANT SITES 

Test Article: it 13>? : 

lntenial Implanted: . 

Rabbit Number. 
TEST 11 USP NEGATiirE CONTROL P-C 

i I II I _’ I 
1 

. 
: 

Inflammation 

, 

t 
II I 

TOTAL 
GROUpT(YTAL 1 
AVERAGE* TEST (-) CONTROL = 
*Used to determine Irritant Ranking Score shown below as the konclusioa ._ A negative difference was recorded 
aszero, 

.: , . conchlsioll: ._ .. 
.-,. :.-. : 
,,., ‘Under the conditions’ of this siudy, the test a&& was considered a . _. .._ 

__ Nonkitant (W-2,9) , L Slight hitant (3-O-Kg), ; Moderate Irritant (9&15& - SW& i&ant (215.1) . 
. : ..- . : ) tq the,t&ue as’conipared to the.USP Negative C&hrol Plastic. ._ . _- : . . : ‘.’ : 

I , cpmnt& . . I _ .’ _. .. -. _.- 
,. ‘. _: 

. ._ : : ._ . . 
‘_ 

: _’ ._ ._. ._ 
_ ._ :. 

P&ologist :. ’ .- 
:. pate’. .- 

_. 



Decedk I 0,. 200 1 
i 

BIiLBEASLtiY 
BIOMlkTIC PHARMACEUTICALS 
I6 I6 WESTGATE CIRCLE 
i3RENTWOOD, TN 37027 .: 

PRbTOCOL AMENDM%JT 1 

Test &tide: rhPDGF-BB (Becapkrmi~ - 1 r&ml 20 mM Na4c Buffer) and Vitoss Scaffold - 

Identificati?n: -Lot #QA2217 and Lot 081098-146 

NAMS&Lab No::. OlT i 3267 00 . 

We have received appr~pria& t& articles ~d‘apptoved protocols for the program to be cotiducted’in accordance with the 
-. Good Laboratory Pnctice(GLP)’ Regulations on the material described abovea’ Be1ow.is.a projected sdhedule for the work 

to be performed. 

NAMSA 
w -. 

IEstimated 
Start Date: 

Estimated Feport 
Release Date: 

Jan. 8,2002 

; 

iroowi30 Cytotoxicity Stud? using the IS0 Elution Method (Extract) Dee. 13,200l 

TI%l-300 

TI261-301 

IS0 Sdtizatibn Test in F&en Guinea Pigs, 
Saline Extra+ 
IS0 Sensitization Test in Fifteen Guinea Pi& 
Cottonseed Oil Extract Dec. 14,,2QOl’ *- hl.25.2002 

TI251-800 ISQ Acute ikracukneous Reactivity Study in Three Rabbits 
Saline IZxitact, Cottonseed Oil Extqxt Dec. 17,200l Jan. 8;2002 

IS0 Acute Sy;temo’cToxicity Stu&n Five Mice, 
Saline Extfact; Cottonsqed Oit Ektract 

1. 

.Genotoxicit$- Biict~al Rev&se Mtitation (An&s) Test, 
Salmonella and E. c&stxains, Sake Extract ” 
Genotoxicitr. l’hcterial Rev&~ Mutation (Ames) Test, 
S?lmonelIa and E. coiis-tmins, DMSO @tract’ ,_._. 

ISO &rgi~l Musde hp&&n, in Three Rabbits (4 Weeksj 
With Xi.stopathology .- 

Tl264-500 
-_ .. . . . 

Jan; 8,2002 Dec. 17,2001 

voo23-2 1 I 
._ - 

- . 
: 

Jan. 15,2002’ : _, 
-. . . . . -._ 

Jak25,iti ‘. . ._I. 
: 

: 

‘Dec. 18;‘200! 
! vOO27-212 

xX247-804 
‘IHO35-800 D&s. 19,200l 

-..I 

. . . . : 

._ 
LLT/dap 

GLP study fiie 



Appendix 7.7.9: Test Report TI261-300, TI261-301. IS0 
sensitization study in the guinea pig 
(Maximization method) 

\\\DC - 8081510001- 1893565 v, 
BMOO?758 



Co&de&al Lab-No. OlT 15267’00 

TI261-300 P-0. No. 01-1005 
TI261-301 GLP 

STUDYTITLE: 

(MAXJMEAnON l+ETl-IOD) 

TEST ARTICLE: 

rhPDGF-Bh (Ekcaplermin - 1 mglml20 mM NaAc Buffer) andVitoss Scaffold 

IDENTIFICATION NO-: 

‘Lot #QA2217 and Lot 081098-146 

. 
. . __ ::_ 

._ 

. 
-’ ;. . 

TiSiFi&LlT% 1’. 

NAMSA~ ‘1 .I 
2281 Tracj~ Road 

. Ejortbwoid, dH 43619.&v 

:_ 

SPONSOR: _- 
. . 

BI’LLBE/$;SL$jy. -’ : .- 
BIOMIMETIC PrMWh&~c~i,s -- 
8 616, WESTGATE CIRCLE ._ 
BREN’iWOOD, l?l 37027 

. . 
BM001759 

._. :. . . 
Corp. Hdqe 2261 Tracy Road, Northwood. ON4%19-1SSt/ 419.656.!14!%/ Fax 419&&4 

3405Cobb International Bh& kennes~w, 6A3015&?B)1/7m.4Z73lOI ; Fax 770.426.56%2 
i Morgan,ltine, CA S2618-2h7tf19491(51.3110/ FaxS4SXi13280 : . 

AJfiIieter France : Germany * Israel - Taiwan l United Kinjdom 

. . : 

F&p&l 0113 -. _ f : . .._ ._ - 
: .._ _;.. . ; 



; .- T&61-306 
TI261-3Oi 

La&o. 0lT 15267bO 

TABk.EOFCo& - -... 

SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..*..............................r-*................................................................ 

INTRODtJCTION “““.....““....-.............*.-..-..-.-.........-..-..--.-..-.-.-........*.-~.........~...~.....*..,.....~.......*........~ -. 

MATERIALS . . ..*.._.f.*.._........~....-...f.-.*--..-...*.-.....-..-......ft-..-........I.t.-...-....--..~.*..........t.....~.........t.....-..... 

METHODS .*.*....f.._....._._............~...-....*.f............-.......~-f.~.~..~*-.............f..~....._.~...*~............*..........ff....... 

DEVIATION -f--.......~....-..........~.....-.......*..-...-.-..~........~........--.....~......~........--......C................-............._.. 

RESULTS ..-.~....~...-............f.~..........1......~.....~.f.....f...-..f....~-...........................~f....~....~........._...........*..___ 

CONCLUkION . . . . ..“*.......‘............~..-.-.-....*--..--....-.....*.*.......-*.--...~..-~..*.......*................~..............~...~.. 

RECORD STORAGE’ .*....*....._...........-...f..fl....-............-.--...-.--.I..-...--.---..-......~.....*.....~........................ 

TABLES 
I - INDIVIDUAL BODY WEIGHTS AND ‘aticAt OBSERVATIONS . . . . . . .._ ~~ . .._._.____..._.._..--.- 

II‘- DERMAL REACTIONS - CHALLmGE . . . . . . . . . . . . . . . . . . . . . . . . . ..~~..-..........r.............“.-......~......~......... _. 

CERTIFICATE OF QUALITy ASSURANCE INt$PEmONS . . . . . . . . . . . . . ..-.......................................*. 
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TI261-3Oa. 
._ 

TI261-3Ol. . 
LabNoI OIT 15267dO. 

A guinea pig m aximizati~n test of rhPDGF-BB (Becaplermiu I1 mgIml20 mM NaAc Buffer) and Vitoss S@fol&. 
Lot ##QA2217 aud Lot 081098-146, was conductedto evaluate the potential for delayed dermal contati 
sens&r&on. This study was conducted based on the requirements’of the Iutemational Qrgani@on for 
Standardization 10993: Biological Evahratiun of Medical Devices, Part 10: Tests for Lrrita@on and Sensit&ation. 

The test article was extracted in 0.9% sodium chloride USP {SC) and cottonseed 0% Nl? &SO). Each extract was 
mtradermally injected and occlusively patched to ten test guinea pigs (per extract) in an attempt to induce 
sensitization. The vehicle was similarly mjected and ocehrsively patched to five control guinea pigs (per vehicrej; 

: 

Following a recovery period, thetest and control animals received a challenge patch of the appropriate test article 
extract and the reagent control. All sites wore scored at approximately 24,48and 72 hours after patch removaL 

Under the conditions of this study, the SC and CSO test article extracts showed & significant evidence of causing 
delayed dermaJ contact sensitization in the guinea pig. 

_ Study and Sup&viso& 
Personnel: ’ MarkJ.‘Menzel 

Brian Brooks 
Diane L. M&r 
Shawri.l;. St. Clair, BS 
Kathrina C. Ratliff 
Deedee M. Davis; BA 
&raS.Hattman,&AT~ .. 
Cathy L. Walters 
Debra S. Dunn 
Brian P. St&z 
Tammy L. Lindsey 
Suzanne E. Brhnacombe 
&r&a Oswauski, BS, LAT 

St+iy Director. 

Study Director 
-, 

_. .  
1 

._ 

1. 
.._ - 

.:.:n& . _.,-. _. .’ 
__. .- 

, 
:: 

. ^ 
_- 
. 
‘. 

mwmu61 

. 

,: 

. . 

,_ : -_ 
Cc@. Hdgbs 2261 Tracy Road, N&hv&~;&4&-1%7~ 4VJ.6%.9455/ Fax 4i9.666.w. ‘1 ._ 

3k’BEobb Inte&don~l&vd., Ke~esaw,GA30152-7M)~~270.471.310~/fax~0.4~.569L ’ 

. . 
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w+3i)() Lab No. O IT 15267 00 
T l261-301 

.- 
. INTRODUGTlON 

A guinea pig maximtition test of the material identified below was conducted to evaluate the Potential to cause 
.’ ‘delayed dernial contact sensitization. This study was conducted based on the requirements of the-lntemational 

Grga&ation for Standardization 10993: Biological Evahration of Med ical Devices, Part IO: Tests for britation 
and Sensitization.. The test article was received on November 20,200I~ and December 10,200l. Treatment began 
on December 14,2? 1  ,-aqd the observations were concluded January IO, 2002. The susceptibility of the Hartley 
guinea pig strain to a  known sensitiig agent, I-chloro-2,4diitrobenzene (DNCB), has been substantiated at 
NAMSA with this method under lab number  UlT-06495-06 completed on October 11,200l. 

‘khe study, initiated by protocol signature on December 10,2001, was conducted in accordance with the provisions 
of the FDA Good Laboratory Practice (GLP) Regulations, 2  1  CFR 58, A Certificate of Quality Assurance 
inspections was issued with this report 

.MATERMLS 

.ihe sample provided by the sponsor was identified and handled as follows: 

T&i Article: 

Ideptification No.: 

Stability Testing 

Expiration Date: 

Storage Conditions: 

Vehicles: 

Preparation: 

Condition of Extracts: 

_. - 

- Additional Materials: ._ 

rhPDGF-BB(Becaplermiu - I mg!ml20 m M  NaAc Buffer) and Vitoss Scaffold 

Lot #QA2217 and Lot 081098-146 

In Progress (per sponsor) 

Stable for duration of intended testing (per sponsor) 

Vitoss Scaffold-Room temperature 
rhPDGF-BB - Refrigerated 

0.9% sodium chloride USP solution (SC) 
Cottonseed oil8 NF (CSO) - . 

A 1  :I ratio of Vitoss Scaffold (g) to WDGF (ml) was prepared for each 
, extraction. A ratio of 8  g:20 m l, weight of prepared test article (I: I preparation) 

to vohrme,of vehicle was .prepared for each extraction interval. The test article 
was extracted in CSO at 37OC for ‘72 hours. The vehicle (without test article) 
was similarlj prepared to serve ais the reagent control. . . 

i SC Test ~SC Control . 
ClG-lT 

-. 

. . 

. . 

--. 
I 

Induction I: clear with particulatei,. 
Induction Il: clear with part&l&es _. 
challenge: clear with particulates 

I&icti& I: 
CiOTest . . ‘1  : 
cloudy yith partictilates 

clear- :... 
clear .: _‘.. .-.’ 

. . :_ 
CSO ContrOL- 
CIear ._ 

Induction II: clear W ith particulates .cleai 
Challenge:. cIotldy’with~particulates Clear 

. . .- I 

Freund’s Complete Adjuvant (FCA) w& m ixed 50:50-(v/v) with the chosen 
vehicle and used at induction I. k iO% (w/w) soditim lamyl sulfate (SLS) <..< * . . 

: 
BlMOO-l762 --: - __- . __ 
Corp. Hd&x Z&l Tr&y Road, Nbttkoki, @ii 43&13~W4lS.~~al  Fax 419.&;2954 
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suspension in petrolatum was used for induction II. These materials were 
provided by the test facihty- . 

METHODS 

Test System: 

Species: Guinea pig’ (Cuvia porcdlm) 
Strain: Crl:(HA) BR 
Source: Ci+e$ River Laboratories 
Sex: Female (nulbparous) 
Body Weight Range: 366 grams to 448 grams at identification 
Age: Youngadult’ 
Acclimation Period: Minitrtum 5 da& 
Number ofAnimak Thirty 
Identification Method: Ear punch 

,.. 

Justification of Test System: . 
.._ 

me &rtle$ .albino guinea pig has been used historically for sensitization studies (Magtkson aud I&m&, 1970): 
me guinea pig is believed to be the most sensitive animal model for this type of study. The susceptiiilityof me 
Hart&$ straii to a kuown sensitizing agent, l-chloro-2,4-dizt.itrobenzeue (DNCB) has been substantiated atNAMSA 
with this method. 

: 

Duplication of Experimental Work 

By signature on the protokol;the sponsor confirmed.that the conduct of this study did not unnecessarily duplicate 
previous experiments. 

Animal Management: 
: 

._ 

Husbandry: .Cond&ions conformed to Staudard Operating Procedures which are based on the “Guide for 
the Care and Use of Laboratory Animak.” ._ 

_‘, 
: .; Food:. 

._ 
PRGLAB@ Gu$ea Pig Diet was provided daiIy. 

Water: 1 ,FreeIy availabfe, mu&pal (Toledo, OH) water was delivered through an automatic watk;ng : . 
system-. 

. . 
Coiifiiuhlan~: Re&onabIy expected contaminank in feed or.water supplies did not have the p&e.utialfo 

: 
‘. , 

&Iuen(;e~the outcome ofthis test ” 
.._ , .-... . .’ ‘: : ..’ :- .:. . __ 
~Housilig: Animals were housed iu groups .m s&&ss.stekl suspended cages identified by a card. i . .. ’ 

~itidkatiug the lab n&nher, animal numbeti, test code, sex, auimai co+ and first treatment. ..’ 
._ date.. .: 

: ._. 1,‘. . . _., 
. . ‘. : :.. . . . 

. :. ,’ ..: .- .: :. _. -. 
. Environmentah The room temper&.& was.monitor$d daily. The temperature m&e: for.the rdom.was within 

arange of 64-79’11;.:, . 

34Oll Cobb lnterpapooal Bhrdl, Kinoesew. GA 3M2-761X 1770.4273101 I Fax 77&426~92 .. _._ ‘, ; __: . 
9 Morgan, Irvine, CA g&8-2D78 /!+9.951.3tlO/Fax949.9513280 : . ..‘ 
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. .- 
The room humidity was monitored daii: The humidity range for the room was 30-70%: 

-_ 
.The light cycle was controlled using an automatic timer (1.2 hours light, 12 hours dark). _ 

Facility: NAMSA is au AAALAC International accredited faci3ity aud is registered with the United 
States Department of Agricuhure. Additionally, NAMSA maintains an approved Animal 
Welfare Assurance on fife with the National institutes of Health, Office for Laboratory 
Animal Welfare. 

persomei: Associates involved were appropriately qu&tied and trained. 

Selection: &ly healthy, previously unused animals were selected 

Experimental Procedure: . 

. The day prior to treatment, e&r anim# was weighed, identified aird the fur over the dorsoscapular region was . 
removed with au electric clipper. Each ‘animal was observed daily for general health. . 

I Induction ii. 
. : 

The following day, the test animahr were injected with the test article ext&ct and the control animals were injected 
;with the reageni contro1.’ Three rows of iutiadermal injections (two per row) were given to each animal within an 
approximate 2 cm x 4 cm boundary of the fur chpped area as i~hrstrated below: 

Control Animals: 
a. 0.1 ml of 509 (v/v) mixture of FCA and the chosenvehicle’ 
b. 0.1 ml of vehicle 
c. 0.1 ml of a I : X mixture of the SO:50 (v/v) vehicIe/FCA mixture and the vehicle 

Test Animals: . 
. . ‘a. 0.1 ml of 50:50 (v/v) mixture of,FCA and the chosenvehicle 

b. 0.1 ml oftest extract .. 
c. 6.1 ml of a 1:l mixture of the 509 (v/v) vehicle/FCA mixture and the test extract . *- 

’ 1 : . .’ I. 
. To min&ni& tissue sloughing the ‘*a’ and “c” injections’ were $hghtly deeper thau ‘I?‘,. site “c” was injected slightly :’ 

-‘more. caudal than site ‘b”. ‘. : 
: -__ 

.- 
Ensuring Med&ai dovice 
S&Iv and Comehce- 

.. . 
:- : 

- . . 
._ ._ 
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L hlduction II: 

Six day& after the injections~ the same, area used during i&u&on I was clipped fke of fix and treated with’ 
0.5 to I gram of a 10% sodium laurykrdfate (SLS) suspension iu petroIatum.’ The suspension was massaged into 

..- 

the skins over de injection site to provoke a mild acute inflammation. The area was left uncovered. The day 
following SLS treatment, any remaking SLS residue was gently removed with a gauze pad. A 2 cm x 4 cm section ..- 
ofJffl&nan No. 3MM filter paper, saturated with Or3 ml of tieshly pre@red test article extract (SC or CSO), was 
then topically apphed to the previously injected sites of the test animak The control:+als were similarly 
patched with the appropriate reagent contro1. Each patch was secured with a nonreactive tape and the trun& of eakh 
animal was wrapped with an elastic bandage. Animal #5 (SC test) was found unwrapped approximately 24 hours 
after patch application. The animal was reiatched using hejd-over &tract. At 48 hours, the binders and patches 
were removed. 

Challenge: 

& the day prior to the challenge pat&, the fur was removed from the sidesand flank areas At 14 days aft& the. 
removal of the inductioti patch, the nonwoven cotton dis& contained in a @ill Top Chamber@ was saturated with 
0.3 ml of the test article extract (SC or CSO) or reagent control, All patches were topically applied as iudicated 
below: 

II CHALLENGE SfTB 

Each patch was secured to the skin with semiocclusive hypoalleigenic adhesive tape. The &of each animal was 
wrapped with au elastic bandage to mai4ltain well-occluded sites for the 24 hour exposure. The sites were wiped 
gently with gauze after patch removal, At 24 hours after patch removal, the challenged sites and krrounding area 
were shaved. 

Observations for dermal reactions were conducted at 2-4 hours following the shave and at 48 aud 72 hours after . 
chahenge patch removal. Prior to scoring at each interval, sites were wiped with 35O/6 isopropyl a!cohot Scores 
were recorded in accordance with the criteria showu’below: . . . _’ 

_. 

. i : 
_- 
. . . : 

The response,, pattern; character, and duration of any test animal reactions-were compkred to any re&ions in the .* 
contrvl coqditions- Any’dermal inflammatory response at the test sites greater .than that Seen in any control 
condition was considered evidence of a potential allergic response. 

._ ._ 

BMOO+l765 -. 
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: DEVIATION 

Da@ health observations were in advertently noi&ord&d by the technologist on one day during the study:. 
&xxmis maintained by the Animat.Resources staff indicated that all animals appeared Formal on this day. T&s 
deviation was not believed to have adversely affected the o~ome of the, study. 

.. 

REStiTS . 

Cliijcal Observations: Individual body weights are presented in Table I. isJl animals Were observed with tde. ’ . 
-expected dermd reactions associated With intradermal injections of FCA- Otherwise, .all apimals appeared clinically ._ . 
normal throughout the study. 

Dermal Observations: Individual results of derma1 Goring for the chaBe&e phase appear in Table II. C& 
insignificant background reactions were noted. No evidence of sensi&ation was observed. 

. 
~Results and Coficfusions apply only to the +t article tested. No fiu&er e&h&i& ofthesetisuhs is made by 

. . : 
-. 

N+SA. Any etipoIation of these data to other samples is the responsibiBy of the sponsor; AlI pro&ures .wi& . 
conducted in conformance with good laboratory practice +d IS0 17025. 

_- . 

CONCLUSION 

Wider the conditions of this study, the SC and:CSO test article exti+s showed no si&ificant kvidence of cau&g 
delayed dermal contact sensitization in the guinea pig. 

RECORD’ STORAGE’ :i . . 
AH raw data pertaining to this&dy and. a copy of the fioai report are to be retained in designated tiAMSi archive 
files. 
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‘T A B L E I : 

INDIVIDUAL B O D Y  W E IG H T S  A N D  C l & X L  O B S E R V A T IO N S  . 

S C  G R O U P  

. , 
PJote:  As  expected,  de rma l  react&s W e &  observed  over. the F C A  in je$ ion sitek Thik was  cons idered  to b e  a  
typical @ d ing  for this study: 

. . 

_ -  : . : 

‘. 

._ 
.- 
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TABLE I (continued) 

tiMDUAL BODY W&XI’S AND CIJNICAL OBSERVATIONS 

CSO GROUP 

AlJimal Number/ Individual Observation 

Group Pretreatment Body Weight(g) Clinic? Observations 

16 Test 419 Animal appeared clinically normal throughout the study. 

17Test 390. Animal appeared cliically nom& throughout the study., 

18Test 

19Test. 

,-20 Test I 

401 

390 

409 

A$m.i appeared clinic+ normal throughout the shdy. 

Auimal.appeared clinically normal throughout the study.. 

Animal appeared cli&caUy normal throughout the study. 

I 
I 

21 Test I 401 Animal appeared clinically normal through&t the study. 

&imaI appear&d clinica@ normal throughout de s&y- 

24 Test I. 416 ‘Animal appeared clinic#y normal throughout the sttidy. 

25 Test 

26 ControI 

366 : 

383 . 

Animal appeared cliuicaIly normal thr$ugltout thestudy. 

Animal appeared clinica&~normal throughout the study, 
27 c0ntro1 

28 Control 
.‘.383 . . AuimaI appeared clinically normal throughout the study.. 

405. Animal appeared &niCally normal throughout the study. 
29 Control 404 ,A&& appeared cli@caIly normal throughout the +dy. 

I 30 Control I ,406 AuimaI appeared cliiically normal throughout the study. 

Note:- As expected, dermal r&tiouk were observed over t&e FCA iujectidn sites: This was considered to be a 
: typical tiding for this st$y. 

.- _ . 

: ._ .. 
. . . 

._ . 

._ . . 
:__ . 

,_. 

. . 

. * 
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AniIna. 

Number/ 

Group 

1 Test 

2Test 

3Teti- 

4 Test 

5 Test 

6 Test 

8 Test 
9 Test 

10 Test 

11 Control 

12 Control 

13 Control : 

.f4 Control 

’ 15 co&o1 
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TABLE II ~ I- 

GUIN&PIG SENSI’hZATION 

DERMAL REACTIONS - CHALLENGE 

SC GROti 

HOURS FOLLOWING PATCH REMOk4L 

24 

Site A SiteB 

-. SiteA=LeftFl~:=SCreagentcontroi: .-’ ._- _ 
-_ : Site B = Right Flanlc = SC test ektmct ._ 
:_ 

~Noimmfluent~erythema not considered to be related to sensitizhon. 
: - 

Site A I Site B 

. ._ 

iorp. Hd@s 2261 T&y Road; No&wood. QH 43619-t&7 /4lS.666.9455/ Fax419.6WJS54 - .. 
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TABLE II (contim~ed) 

GUINEAPIG SI&klZATION 

DERMAL REAC’IIONS - CHALLENGE 

Animal 

Number/ 

CSO GROUP 

HOURS FOLLOWG PATCH REMOVAL 

24 48 II 72 

GrouD Site A Site B Site A I Site B Site A I Site B 

: 
j ER= Exythema : 

ED=Edema . . - ,- 
Site A = Left Fkmk = CSO reage@.Control ‘. -_ 
SikB=RigbtFhk~CSOtie&ract ._ .- . . 

*Nchonfluent erythexia not conkidered to be related to &nsitization. . . 

_-- : 
. -. ._ . . . 

: : 
., 
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_ CERnncA~ 0~ &UDY &WJIUNCE IU~PIXTIONS : . ._ ’ 

t Reportsto I 
Auditor __ Management Date 

. and Study Director(s) 

N.L.Alt. Periodic Statis Report Jan. 7;2002 

I : 
L;M .Byrd: .- ,I I 

This study will be incltided in the next periodic itatus report as compl&ed. 
: 

: 
. 

.’ T&s study has &xm coad&ed ‘in actiordance with the pro&io~% of 9 .FpA G&d &aborateti P&tiF lkgulations 
(21 CFR, Part 58). 

‘_ _ 
_- 

.‘ 

QA Representati~e:~ 

_’ 
/lag. 

hS”kl@ ~+iiczd D&c. 
Safety and Compliance- 

. _..._ : _- 
: 

6&!J :. I.&* 
.LisaM .Byrd,CQA,ALAT Date - ‘ 
-Auditor, C&&y kskran~e -_ 

. 

: 

__ .- .. . _-__ 
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This t&m is used for no+finicaf studie&& be conducted accadtig to FDA, G O @  Laborat&P&t~ce Regulations 1. 
of 21 CFR Part 58. Cbr;iiDlcth&t this fd& identifies material that tijf be &t&.&n a N W %  Master Schedule. I_ _._ 
Sheet avdilable for‘FDA inspecii&n. All information requested must be Gbrnitleb to NAMSA&efqrc testing’may. 
begin. . . . 

1. 

2. 

A. Tort AA. kfu&&tkm: I#- L .Pdd r- I/$ 

Batch/Code one) kfenti&tion: Qjfssj7. . . .-: : : 

Storage Con&&:, f&xn TemG.L: &trig --; Freezer-; Other? b 

. 
3. 

. . . 4. : 

Disposition: Disc~rdlOestroy-; Return to. Sponsor’)i; Retain* 5. %+yd &.+fiu laylu thut 28 dyr 1.. 
- : J,. _ 

-.e: . .- . 
-a, Cohlrot Article submitted :BfSpos~or:. No . _ 

. I .-_ 

HahdPng aid Sal ety f&autidns: _’ . .. 
Stability: Thk’fpons&as&r& t&i the -above niaterial has been char@cietied loi iddntity, strengfh. -.: . : : 
purity and compositiori a’s require@ by subpart F section 58.%05 tse$‘b@cl.’ -Stability .testing is’the .: . 
responsiPility of the sponsor and is subiect to FDA audit; please indicate one $$e following: 

/. _ 

j(- .:. _ Stability fcsting IS m progress; article is stabl&for d&atiob of .int&ded testing- 
- Stability testing is compIete and on fife with sponsor. Ex@iration’f%?e: ~:a’ . . 2 - 

7 . 
: 

: 

. 

1, 

2. 

3.. 
-_ 4. 

-_ 
! 

. . . . 5,‘ : 

BatchKode/Lbt (cirde.onej Identification: _. . 
-; ..-.v .f * “C1 . ;<.;.z; : -:..- j-?.-: .: 

Storage Covditions: doom Temp .-; pef rig.-, - Freezer:: Other: 
._ 

Handling and .~~f~$P&a~ipnsz- . ‘_ . . * .. : _ ..+ . . . - . ._ 

Stability: Ch;iracieriiati& and stability information as above are akio %&ed fOr.contrOi afkf& . ’ ‘- :. 
- .: .’ 

Stability t&ing is in progress; arti& is stabk fpr du&ion of int!znded.tes&ig. 
-Stability testiri(j is complete and oniile with spo&or.‘. Exbiration I%&: .- 
-Marketed product stability character&d by its lab&rig. 

.: 
- . ‘. -: - ‘_ .. 
Disposition: Disca~dX)estroy_; Returri to Spo&or-; Retain*_ ’ 

. _- ...* 
‘.rc&& “4 siuda lonqn thrr 28 dyi 

r. 
_ 

._ ,. : *. 
C.% Mixtures ‘of test or control articles &th carriers’ req&e an&is to. demonstratk propq concentr&~ _. ‘:- . 

homogeneity. and stability. Sponsor wig provide analyticaf r~?ethod?~, 
Y/A 

* or vlvijF perform. an*is on. --. ‘.. 1 
representative aliquots. pr&ided by tW.,lSA-. . -. - 

,. ti. t&4&. Cost Estimate N&. i&%-&r ’ . : for at&h list of tests) Sponsor’s’ PO Nd. _- . . - 

-_ 
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NANSAm GLP PROTOCOL ‘I’261 

- IS0 S~SlTlZATION ~STUljY IN TEE GUIbIEA PIG 

(Maximization Method). 

Purpose of the Studv: 

The objective of the maxi&&on test in the guinea pig is to identify the pote&al for’der&al sew&i&ion. The 
Magmsson and Kligman methodhas been effective ki identifying a variety of allergeus. This study will be based on 
the requiremeuts of the International Organization for Standardization 10393: Biological Evaluation of Medical 
Devices, Part 10: Tests for titation and Serisitization; L 

This study will be conducted iu accordance with the requirements of the FDA Good Laboratory Practice (GLPj 
: Regulations, 21 CFR 58, 

Test Article: 

The sponsor will submit the material to be evaluated Detailed information about the test article will be provided by 
the sponsor on the attached %LP Compliance Notification fop furnished by NAMSA or on a similar attachment to 
the protocol. 

The following is to be completed (with initials and dates in the &gin) by the spous& or study director. Further 
iustn~ctions may be attached to the protocol. The +uple will be prepared as follows: 

Ratio of test articie to extiaction vehicle: . 
- Material thickness less than 0.5 mm - ratio of 120 cm’: 20 ml 

5 
Material thickriess greater thau or equal to OS mm - ratio of 60 cr&Zi, ml 
Irregularly shaped objects and/or sponsor option - ratio of 4 g:20 ml 

- Other (explain) 

Extraction vehicle: 
‘v 

l;c;-” 
0.9% sodium chloride USP. sulution (SC) 
cottonseed oil, NF (CSO) 

‘- Other (specify) . . 
: 

Exipction conditiins: 
.. 

y 
: 

37”C, 72 hours (* 2 hours) . . 
‘_ - 12l”C, 1 hou+O2hours- 

ZOT, 24 ho+ (rt 2 hours)- 
i ._ 

- -. ,. .-. 
50°C,72hours(i2hours) . ‘. , 

-_ - 
1. Ot.ber{specify) 

: : 
- .- 

._‘. 

. 

. 
The test article itself is suitable for top&al .application at the challenge phase. 

* ,. 
. . -. BMOOl775 -: -- . . --. 

.’ .._. _. 
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controls Article: 

‘I&e vel&le Used to prepare the extfact will be prepared ig the same manner as the extract (but without test a&e) to 
serve as the control measure. Untrcated~skin will serve as an additional control reference for scoring dermal 
reactions during the challenge phase. 

Test Svstem 

Species: 
Strain: 

: Source: 
-Sex: 

Body Weight Range: 
Age: 
AcclimatiouPeriod: 
NurnberofAnimalx 

: Identification Method: . . 

3ustification of Test Svstem: 

Guinea pig (&via porcellus) 
Crk(HA) BR 
Charles. River Laboratories 
No particular gender is prescribed for this test If females are used, they will be 
nulliparous and not pregnant 
300-500 grams at identification 
Young adults 
h+il.imum5days 
15 (per extract) 
Ear punch 

*_ The Hartley albino guinea pig‘has been tked historically for sensitization &dies.@agnusson and K&man, i970). 
The guinea pig is believed to be the most sensitiye animal model for this type of study. The susceptiiility of the 
Hartley strain to a known sensitizing agent, l-chloro-2,4dinitrobenzene (DNCB) has been substantiated at NAMSA 
withthismethod.’ 

Duplication of Exwrimental Work 

By signature on this protocol, the sponsor confirms that the conduct of this study does notrknecessarily duplicate 
previous experiments. 

Husbandry:- 

Food 

Conditions will conform to Standard Operating Procedures which are based on the “Guide 
for the Care and Use of Laboratory Animals.” _. _. 

.. 
A commercially available, pelleted, gum& pig feed will be provided daily. -. 1 

-_ 
- . Water-z 

Contarriinants: 

;: Housing: 

_- 
Freely available; municipal water &ill be de&red thronghan anto&& watering system 

., 
‘Reasonably expected contaminan ts & f&d or water supplies should not haye the potential to . . 
influence the OUtcofrl~ of this test : : ._ : I 

Animals will be housed in groups in st&less &eel suspended cages-identiEed by a card .: 
indicating the lab nnmber, animal numbers, test code, sex, animal code and first treatment ,- : 

.date.. : - -. 

._ 

. 
. 

: . . 
._ : 

: - 

. :_ 
-: _- 

. : . . 
.: I. :.y..~~& _‘_ ; 

BMOO’l 776 _. .. 
* 

: : , :; , . ,,,; oi;; :;. 
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Env i ronmenta i :  

Fa&i tyz 

. 
Personne l :  

Se led ion :  

Seda t ion ,  
Ana lges ia  or  
Anes thes ia :  

V e ter inary 
Care:  

I 
‘IA C U C :  

: 

The . room temperature.wi l l  b e  mon i to red  dai ly. T h e  r e c o m m e n d e d  tempera ture  range-  for the 
r o o m  is 64-?YI?-  

. 
T h e  r q o m  humi+ ty  wil l  b e  mon i to red  dai ly. T h e  humidi ty  r a n g e  for the r o o m  is 3 0 - 7 0 X  . 

T h e  l ight’ cycle .will be.eont ro l led us ing  a n  automat ic  tim e r  (12  hours  l ight,‘1 2  hours  dark).  
. 

N A h 4 S A  is ti A A A L A b  & e m a tional  accfedi ted facilty a n d  is reg is tered with the Uni ted.  
S tates Depar tment  ,of Agr icul ture.  Addi t ional ly ,  N A M S A  mainta ins  a n  a p p r o v e d  An ima l  _  
Wel fare  A q s u r a n c ~  o n  fi le wi th the Nat ional  Institutes of Heal th,  OAF ice  for Labora tory  
A n i d  Wel fare.  

Associates invo lved wil l  b e  appropr ia te ly  qual i f ied a n d  trained.  

On ly  heal thy  an imals  wil l  b e  selected.  

: 

It has  b e e n  de te rmined  that the use  of these agents  wil l  not  b e  necessary  dur ing  the rout ine 
course  of this p rocedure .  .’ 

6  the unl i ie ly event  that a n  an ima l  shou ld  b e c o m e  in jured,  ill, o r  mor ibund ,  care  wil l  .bd 
. . 

conduc ted  in accordance  with current  veter inary med ica l  praqt ice:  If war ran  tedforhee 
reasons, ,euthanas ia  wil l  b e  conduct& l  inaccordance  with the.current  repor t  of the Amer i can  

1  .. 

V e ter inary Med ica l  &+c ia t ion’s P a n e l  o n  E u thanas ia  T h e  object ive of the study wil l  b e  
g iven  d u e  cons iderat ion in any  dec is ion a n d  the study sponsor  wil l  b e  adv ised 

This protocol  has  been ,approved  by  N A M S A  Insti tut ional An ima l  Ca re  a n d  Use  Commi t tees  
( IACUC),  a n d  is rev iewed at least annua l l y  by  the s a m e  .committees. A n y  signif icant 
changes  to this protocol  must  b e  a p p r o v e d  by  the IA C U C  pr ior  to conduct .  

Test a n d  ‘& r & r 0 1  & ticle Preparat ion:  

r  Fresh extracts wil l  b e  p r e p a r e d  at each  p h a s e  of the study as  prev iously  ind icated (see Test Art icle). If the test . . 

m a terial is sui table for-patching;  a  topical  appl icat ion of the test samp le  (2  cm x 2  cm patch)  wil l  b e  used  at m e  
[‘.‘-. cha l lenge.  T h e  vehic le used  td p repare  the ext& wil l  b e  p r e p a r e d  in tbe‘s a m e  m a - & r  as  the extract (but  wi thout  . i 

,. ._. 
_I tqt ar t ide) to gerve  as  the con t ro l~meas&e,  1  . . . 

M e thods a n d  Rou te  of Administrat ion:  .- _  
1.;. _. _ -’ ‘_ ’ . . .._ . ..-_( 

‘, P I . . 
. -_  . 

T h e  day  pr ior  ;O  t reatment,  1 5  g u i n e a  p igs  pe r  ex t racA (10  test,’ >  control)  wil l  b e  w e i g h e d  a n d  identi f ied. .‘& e  fur : ’ 
f rom the dorsoscdpu lar  a r e a  of the a n i n &  wil l  b e  r e m o v e d  with a n  e l& t&  cl ipper,  ’ _  ,: ’ 

- I . . 
;.:: 

: 

i _. 

E m w i n g  M e & i t  Dev ice  
Satety  a n d  Compt imce-  

B M 0 0 1 7 7 7  
I 
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Induction I: 

Three pair of intraderrnal injections till be administered to the animals’within an approximate 2 cm x 4 nn area over 
the dorsosca@ular region as follows: 

Control Animals: 
a. 0.1~ ml of 5050 (v/v) mixture of Freund’s Complete Adjuvant (FCA) and $e chbsen vehicle 
b. 0.1 ml of vehicle 
c. 0.1 ml of a 1:l mixture of the SO:50 (v/v) FCA and the vehicle 

. 

Test Animals: 
a. 0.1 ml of 50:50 (v/-v) mixture of FCA and tbe chosen vehicle 
b. 0.1 ml of test extract 
c. 0.1 ml of a 1 :I mixhue of the 50~50 (v/v) FCA and the test &tract 

TS mini& tissue sloughing the “a” and “c” injections will be slightly deeper than “b”. Site “c” will be injected 
slightly more caudal than site “b”. 

Inilction II: 

Six days later, the injection sites witl.be clipped free of fur again and treated with 0.5 to 1 gof a 10% (G/w) sodium 
lauryl sulfate (SLS) suspension prepared by mixing the powdered SIS with petrolattnn The day followingthe SLS 
trea&nt, any remaining SLS residue will be gently eped from the area with gauze. 

A 2.cm x 4 cm filter paper patch (3M%4, Whatma& saturated with 0.3 ml of the extract preparation or vehicle, will .. 
be applied over the same inj&ion area and secured with a nonreactive tape; The truuk of each animal will then be. 
wrapped snugly with an elastic band for 48’hours (&2 hours). 

At 13 days after unwrapping induction II wraps, the fur will be clipped from the sides and flanks of all guinea pigs. 
On the following day, a nonwoven cotton disk backed by a flexible chamber (e.g. Hill Top Chamber@) and 
semiocclusive hypoallergenic tape, till be saturated with 0.3. ml of freshly prepared test material extract and appbed 
to the right flank or dorsum of each animal. In addition, the vehicle control will be-patched to the left flank or : : 
dorsum of each anhriak An approxiniate 2 cm x 2 cm section of test material itself (if appro$riate) will be applied to: 

: the fight ff ank, 

1’ ‘. The trunk of each animal wiIl be wrappe? for 24 ho&s’ (~$2 hours).’ At $atch removal the. sites will be wiped avith : : 1 ‘. 
‘gauze. At 24 hours (rt 2 h&-s) after patch rem&al,~ the challenged sites and surrounding area will be shaveq, The . 1 

_- .: Sites will be examined for signs of any initation or sensitization reaction, as indicated by etythema and edema at a 
minimumof2hoursanda ,maximum.of 4. hours folEowing the shave and-at 48 (42 hours) a&i 72 (ti hours) ,b+s. .> 

. : : after removal of the dressings.. Prior to scoring, each site pvili be ed gently with a 35% isopropyl alcohol’gauze 
_- : 

sponge. 

Should the original challenge results proye td be equivocal,. the animals may bk ~echallenged with a fresh test extract : r 
’ and vehicle ControI- approximately 7 d;iys after tlie first’chailenge patch application.- ime rechallenge will be .:. . . 

conducted in the same manner as @e clrallenge but at virgin sites on the opposite’flank Aiter the testis completed;: 
-all animals will be’handkdin accordance v&b IACUC approved NAMSA procedures. ._ _.- _ 

:.... .I.. : 
z ‘_ 

-.._ * 
1 ._ 

: BMOOl778 .- 
: : I 

-. : 
: 
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Evahrations and Statistics: 

Daily challenge scores for reactions wiI1 be recorded at 24,48 &d 72 hours after patch removal in accorda& with 
the following.schemer 

ERYTHEMA (ER) ,EDEMA(ED) 
Reaction 1 Numerical~Gri&g 

Any other observation relating to the site will be footnoted. 
. 

The responses will be compared withiu the test animal group arid bet-wee&test and control conditions; Control 
conditions are (1) the.vehicle control solution on the test animals &d (2) the test extract, control solution and 
biomaterial (if applied) on the control animals. 

In the final anaIysis of data, consideration &Il be given to the overall pattern intensity, du&on, and character of 
reactions of the test as compared to the control conditions; Statistical manipulation of-data is not applicable to this 
study. An effect interpreted as “irritation” is generally observed at 24 hours,.but diminishes thereafter, and is also 
concurrently present as a transient response iu the control animals. Closed patches typically show maximal 
sensitization readings 48 to 72 hours after patch removal in the test condition but not in the control condition. 
Grades of 1 or greater in the test group generally indicate sensitization, provided thai grades of less than 1 are 
observed on the control animals. If grades of 1 or greater are noted oti~control animals, then the reactions of test 
animals which exceed the most severe control reaction are considered to be due to sensitization. 

Background or artifactua1. reactions (e.g., Tom fur clipping, patch chamber edge, nonspecific FCA effects) will not 
be considered as evidence of a sensitization response. ‘&e treatment with FCA and,occlusive’dressings may lower 
the threshold level for skin irritation. . .. 

If the test grouphas a greater numbei of an&Is showing responses that are not greater t&r the Control &&als,..a . . 
rechallenge maybe conducted; The rech$lenge.wiIl be conducted approximately 7 days ai& the first challenge at . I 
virgin sites on the qpposite flank of the auim&. Absence of dermal response at rechallengd may rnrlli@ ear&r 
fmdings; Recurring observations in at least one of the.same ,animals verify earIier fir;dings.. . ’ -_ .. ._ : _. ’ -. .’ : 

,RToe .._ -.:.‘ : : 
._ ,_ . 

A &al report will.be issued to inchrde a description of t&e r&hods,‘ the result& d&a&r tabular format and .- -- 
concl~ions. : 

: : 
i. __--: 

. . 

i _. Quality Assurance: . . _- . _- : _. _ . . .I 
L 

hrspectious will be douducted at &&ah ~dequatk to’assure the integrity ofthe study in confor&nce‘with r 
21 CFR 58.35(b)(3). The fmal report&l also be reviewed for donformance to Section 58.185, Subpqrt 3, of the ’ ; 
GLP Regulations. A Certificate of Quality Assrir$nce Inspections will be provided with the fmal report 

;. 

.-_ . 
.  

. 
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Records: 

Test article preparation, animal weights, treatment prkedures;.dermal reaction scores, and dates of relevant test 
activities from study initiation to compIeti& will be recorded. 

All raw data pertaining to this &dy and a tiopy of the final-report will be retained in designated NAMSA archive 
f&s 

Prouosed Dates: 
.: ‘_ 

The study dates will be. fmalized by the study director. following receipt of the s@onsor-approved protoco1 and 
appropriate material for the study. Initiation of .the study will be the date dn which the study director signs the GLP 
protocol. Pkjected dates for star&g the study (first treatment) and for the completion of the study (finat report 
release) will be provided to the sponsor (or represent@ive of,the spotior) and added to the protocol - 

._ . . 
References: . .’ 

.j 
21 CFR 5 8 $GLP Regulations), 

Guide for the Care and Use of Laboratory Animals, fristitu~ for Laborakory Animal Research, National Awdeky df 
.Sciences (Wa&ngtonz National Academy Press, 1?96). 

lnt&national Organization for Standardization 1099?: Biological Eval;uation of Medical Devices, Part 10: Tests for i 
lrritatioi~ and Sensitization. 

Maguusson, B. and A. Kligman, AIleqic Contact Dermatitis in the Guinea Pig (Springfield: C.H. Thort&, 1970). 

OdW, Public Health Service P&y oa Humane’Ckre and Use of Laboratory Animals (NM Pub&at&n) 
._ 

United States Code of Federal Regulation (CFR) 9: The Animal Welfare Act. 
.- 

Protocoi Changes: 
p- 

Any n~essary changes to the protocof after sponsor approval or study initiation will be.documented kd approved . . .. 
.“.. by the study director as protocol ainenciments. Cooieskill be distriiuted’to the sponsor, the raw. dat;! ?lle, and the 

l&MSA &aiitl)i.Ass&nce,depa&nent. * ’ 1 i : _-/ ._ 

: ._ 

. 
_: .>. 

: 
: 

._ -:. 

. - 
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_- 
: 
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I Safety aird Comptiance- 

D&ember IO,2001 i 

BILL BEASLEY 
BI@vIIMETIC PHARMACEUTICAI.S ’ 
1616 WESTGATE CIRCLE 
BRENTWOOD, T-N 37027 

PROTOCOL AMENDMENT 1 

Test Article: rhPDGF-BB- (Becaplermin - 1 m@nI 20 mM NaAc Buffer) and Vito% Scaffold 

Idrhfication: Lot #QA2217 andLot081098-146 

HAMSA Lab No.: OlT 15267 00 

We have received apprc&ate test articles~and approved protocols for the program to be con’ciucted in accordance with the 
&od Laboratory Practice (GLP) Regulations on the material descxiiedabove. Below is a projected schedulk fir the work 
to be performed 

NAMSA 
w 

.YOd1413b 

TI%l-300 

TIxl-301 

ll251-800 

.rb64-500 

voou-2 I 1 

vti23-in 

Tl247-804 
‘HO31800 

~Etitnilted 
Start DateL 

Cytotoxicity Stud; ‘using the IS6 Elution Method (Extra&) Dec. 13,2&i 

IS0 Sensitization Test in Fif?e& Guinea Pigs, 
SalineExtract 
IS0 SensiMou Test in-F&en Guineapigs, 
cottonseed OilExtract Dee- 14,2001 

IS0 Acute Intracutaneous Rea&ivity Study in Three Rabbits 
Saline Extra& Cottonseed Oil Extraa 

IS0 Acute Syste@c Toxicity S&dy in Five Mice,. : 
Saline Ehact, cOtton&ed @ I Extract : 

Dec. 17,200l 

Dec. 17,2(&l 

Gen&ox&tyz. BweriaI Reverse M&ion (Ames) Tesf 
Sahnonelia and iZ coli s&a&s, Sahe Extract 
GenotmMy Ihw&iaS ReverseMutation (Ames~Test, .. . 
Salmonella and &Z cc& s&a@, ilMs0 Extract Dec. 18,2001 ._. 

IS~Surgical Mu&l~I&I&ation~in+Ih&R&l$ts (4Weeks) ‘- 
WithHistop&holo& I’_ _I_ ... IL.. 19,200i 

Date 
- 

LLT/drip 

CC : QA (&WA)- .’ i ,_ .. .-. :’ 
-,GLPstudyfik.- ._ : ‘_ -_ 

.- . BMO01781 _. 
. . 

-_ ‘_ 

Estimated Report 
ReleaseDate: : 

. . 

;Tan.25,2002 

&.8,2062 . 

.  .  

_: 

,  ._. ._ 

.  .  

hl. 15,2002. 
. . . .. . 

J&5,2002 . --:.. . 
: 

, 
-- 

i .-.. I 
_’ 

__ I.’ 

.: . . 
_‘._ 

. . 

._- : 

: 
‘_  

_-  

: 



December IO, 2001 1 

SAlkUEL LYNCH, M.D. 
BIOMIMETIC PHARMACEUTICAlX 
1616.WESTGATE CIRCVE 
j3RENTWOOK, TN 37027 

PR6TOCOL AMEkDMENT ti 

Test Article: rbPDGF-BB (Be&$ermin - 1 mghl20 &M N&C Bxiffer) and Vitoss Scaffold 
‘_ 

Identification Nb.: ~t#QA221?andLot081b98-146 

Protocol: VOOW130 Cytototicity Stidy using the IS0 Eltition M&hod (Extract)’ 
TIXl-300 IS0 Sensitization Test ia Fifken Guinea pigs (Saline extract)’ 
TIXI-301 IS0 Sensitization Test in Fifken Guinea pigs (C~tionseecl oil extract) 
Tl251~4WO I$0 Acute Intramtan~w Reactivity Study in ‘I%ree Rabbits . . 
TEW-500 ISOAcute Systqnk. Toxicity Study in Five Mice 
VOO23-211 Genot&icityz Bac~eria~ReverseMutation (Ames) Test (Saliueextmct) . -j --. 
JWO23-212 Genotoxicity: Baf$erkl Reverse Mu&ion (Ames) Test @MS0 extmct) 

NAMSA Lab. No.: &T 15267 00 

T@is ~endm+t~was w&en to clarify the pr&.mrati*n of the test article. 
. 

The two compouentsof the test article must bi, kombiukd just prior to extra&on prepqtioa 
._ of Vitoss (in grams) to rhPDGF-BB (in ml’s} will be pre&ued 

To do this, a I:1 ratio 

saturated with 2 ml of&e rhPDGF. 
For ~xa&ple, a 2 g potion of the ChronOS will be 

preparation. 
If the fi~zen rhPDGF-BB is used, it must first be thawed prior to the 

The resulting mixture will then be used for the extraction preparation(ie. weight of the prepared test article to 
‘volux3z ofextractionvehicle). 

-_ _I . 
._. _. 

_-. : 
I _- -_ : , ). . ._. . . -. 

: .- _ 

_. 
. .- 

cc; _- NAhfSA QAU’ 
GLP study file _. .. 

: 
_- .. _-  .. __ :. 

1  

I 
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January 8,2002 

. BILL BEASLEY 
BIOMIMETIC PHARMACEUTICALS 
1616 WESTGATE CIRCLE 
BRENTWOOD, TN 37027 

: 

Test Article: 

Ide&fication No.: 

NAMSA Lab No.: 

-_ 
REVISED* 

PROTOCOL AIvENilm f1 

bDGF-BB.(Becaplem& - I m&ml 20 n&l NaAc i3uffir) &d Vitoss Scaffold 

Lot’#QA2217 and Lot OS1098-146 

VOO 14-l 30 Cytot&& study Using the IS0 Eh&n Meth@ (Extract) 
Tl26I-300 ISO Sensitization Test in Fifteen Guinea’pigs (Saline extract)- 
TI261-301 IS0 Sensitization.Test in FifleenGuinea pigs (Cqttonseed oil extract) 
Ti25 I-800: IS0 A&te Intracutieous Reactivity Study in Three Rabbii - 
TI264-500 IS0 Acute Systemic Tox$ity Study in Five Mice 
VOO23-211 Genotoxicity: Bacterial Reverse Mutation (Ames) Test (Saline extract). .. 
VOO23-2 12 Genotoxicity: Bacterial Reverse Muk@icq (Ames) Test @MS0 extra&) 

0 ZT 15267 00 

This &em&n&t was writtei to cku-ify the preparati& of the test article- 

The two components of the test article must be combined jnst prior to extraction preparkiqn. To do ‘this,’ a 1: 1 ratio 
of Vitoss (in grams) to rhPDGF-BB (in ml’s) tit be prepared. For example, a 2 g portion of the Vitossy. will be 
satnrated tith 2 ml of the rhPDGF. If the frozen rhPDGF-RB is usedpit,must first be thawed prior to the _- : 
preparation. . . .: _. . . ‘. 
m-resi&t$g &x@re will then be used for the k&&i& preparation (i.e. weight of the prepared test @elk to _. ’ . vohmi~ of extraction vehicld), .- : x .- 

.: _ 
.i. . _. j 1. 

. : _.- ; . _.- . . 
.. : , ‘, .. 

.. * This amendment was revised. to cdrrect &e &onsot name and add&s, and to correct the x&e ,of the Vito& in th&. j -. : : sewnd paragi-aph. ’ 
* 

: . . 
: 

.__ . . -_ ._ . . 
. . 

: i 

__ 

<- . 

:  
_. 

: . ,  

_: I  
:  .  

:  
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Appendix 7.7.10: Test Report TI251-800. IS0 acute 
intracutaneous reactivity study in the 
rabbit (extracts) 
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.. 
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-. G&P--. ._ 

STUDY TULE: ‘. 

IS0 ACU-IE&TRACUTANkOilS REA&VITY STUDY IN.ti-RABBI+ 

(l!ktracts) _. : .,_,_-. ..:’ 
i , ,. 

TEST ARTICLE: 

rhPDGF-BB (Becaplermin - 1 mg/m? 20 mM ?&AC Bufher) and Vitoss haffbld . . 

IDEN’JJLFICATION NO.: 

Lot jfQA2217 and Lot 081098-146 

-, .TE~GT~A~: ’ _’ SPONSOR: .,- 1 . . -‘. ’ __ _ ._ 
-. . . . I. .’ : 

._ NAMSA. - 
2261TraeRoad .: 
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TmI-800 Labtio, OIT 15;6?OO _ 

The test article, rhPDGF-BB (BecapIermii - I m&n1 20 mM ~&AC: BufhX) and Vi&s Scaffold, Lot #QA2217 ‘md 
Lot 08109&!46, was extracted in 0.9% sodium chloride USP solution tidcottonseed oil, NF. These extracts we;ie 
evahmted for intracutan&ms reactivity based on the requirements of the International @-ganGration for 
Standardization 10993 f Bio!ogical Evaluation of Medical Devices, Part 10: Testi for hiitation arid’ Ser&&.&on, 

A 02ml dose of the appropriate test article extract was injected’by the intracutaneous route into-five separate s&s 
on the right side of the back of each rabbi Shnihn~y, the corresponding reagent control was injected on the left 
side of the back of each rabbit.. The injectjon sites were observed immediately after injection. Observations for 
erythema &d edema were conducted tit 24,48, and ‘72 hours after mjection. 

Under the conditions of this study, there was no evidence of significant irritation from the cottonseed oil, I& extract 
injected iutracutaneousiy into rabbits. There was eMdence of slight irritation from the O,P% sod&o chloride USP 
solution injected intracutaneously mto rabbits. The primary Irritation Index. Characterization for the cottonseed oil 
extr&t was negligibIe while the saline extract was slight. 

Study and Supervisory 
Personnei: Deedee M.‘Dav& BA’ 

.Sara S. Hartman, ALAT 
BrianBrooks 
Suzahe E. Brimacombe 
Martha Oswanski, BS, LAT 

_. . ‘Study Director:’ -_ 
: 

/Cal- 

: 
. . 

‘_ ._ 

_. ‘__ 

BM001787 
. . . 

I ,: 
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Tl251-800 Lab’No. OlT1526700 

IIdTRODVCTION _’ 
: 

I& test article ident%ed below-was extkted and the extkcts were evahmted for biocompatibility based on the 
requirements of the international Orga&&on forStandardization 10993: Biological Evaluation of Medic& 

- 

Devices, Part 10: Tests for h&&n and Sensitization. The purpose of the study was to determine whether .- 
-leachables extracted fi-om,the material would cause local den& irritant effects following injection into rabbit skin. 
The test article was received on November 20,200l and December 10,200l. The animals were injected on 
December 14,2001, and the observations were concluded on December 1’7,200l. , : 

The study, initiated by protocol signature on December 10,2001, was conducted in accordance with the provisions 
offhe FDA Good Laboratory F%w.%i~e (GLP) Regufations, 2 1 CFR 58. A Certificate of QuaMy Assurance 
inspections svas issued with,this report 

h4ATERIALS 

The’sample provided by the sponsor was identZed and handled as follows: 

Test Article: 

Identification No: 

Stabiiity Testing: 

Ex$ration Date: 

Storage Conditions: 

Vehicles: 

Preparation: 

_’ . 

Condition of Extracts: -. 

__ .- ._ 

._ 

_ ‘. 

rhPDGF-BB (Becapkmin- 1 mg/ml2V mM NaAc Buffer) and Vitoss Scaffold .. 

Lot #QA2217 and Lot 081098146 

3Ln Progress (per Sponsor) 

Stable for duration of intended testing (per spotior) 

rhPDGF-BB - refrigerated 
Vitoss Scaffold- room temperature 

0.9% sod& chloride l3SP solution (SC) 
cottonseed oil, NF (CSO) 

A 2 g portion of Vitoss Scaffold was saturated with a 2 ml portionof 
rhPDGF-BB for each extraction vehicle immediately prior fo pouring. Based on 
a ratio of 4 g:20 ml, a 3.5 g portion .of the prepared test article was covered with : 
I.8 d of the vehicle. The prepared test article was extracted in SC and’0 at 
37OC for 72 hours. ‘The e%traction.vehicles without test article were similar~ 
prepared to serve as reagent controk 1 

,I 

._ ._ __ .I . : 

SC: 
cso: .- 

&t-. ‘, 
, .control.. ..’ ._ 

clear withp&ticulates* clear 
cIoudy‘with particu@es - dear .: -:- I:.. . 

’ *. 
*The test e&act was filtered with a 0,s pm filter disc to yield a clear, ‘- 

-particulate fkeextract. ; _. . : 

: ._ 

. . 
* 

. . . , 
:: _. 

BMO01788 ., 
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TJ251-890 Lab No. OlT i&67 00. .’ 

METHODS 

Test System: 

Species: 
Brt%Xk 
Source: 
Sexi 
Body Weight Range: 
Age: 
Acclimation Per+dz 
Number of Animals: 
Identification Method: 

_. 

Rabbit (oryciolli~ ctun-culm ) 
New Zeahmd White 
Myrtle’s Rabbitry, Inc. 
Female 
2.0 kg to.2.3 kg at selection 
Young adult 
M inimmn 5 days 
Three 
Ear tag 

.__ . ._ . 

Justification of Test System: 

The iutracutaneous injection test in rabbits is specified-in the currentIS testing standards and has been u&d 
historicalIy to evaluate biomateria1 extracts. 

Duplication of Experimental Work: 

By signature on the protocol, the sponsor confirmed thattbe condue of this study did not -ey&sdy duplicate- 
previous experiments. 

Animal Management: 

Husbandry: 

Food: PROLAB@ .High Fiber Rabbit Diet was provided daily. 

Water: Freely available, municipa1 (Toledo, OH) water was delivered through an automatic watering 
sysiem. 

Contaminants: ~ 

~Housing: 

~Environmentak : .__ 

_ _. ‘_ 
. . 

:. : 
,_ Facility: 
.__ . 

Personnel: ’ 

Conditions conformed to Standard Operating Procedures which are based on the.“Gmde for 
the Care and Use of Laboratory Animals.” - 

‘. 

Reasonably expected contamim&s in feed or water supplies did not have the potential to 
influence the outcome of this test. . ’ I ’ . . .. :. . 

._ , _’ 
A&& were iudiii&&Iy ho&d.hi~stai&ss steel suspeided cages id&&&~ by a ca& 
indicating: the Iab riumber, ariimal number, test code, sex; and date dosed:. - . .- 

“ 
The rodm temperature w~monimred daily.. The temperature ridge for the room was withirt 
aiangeof&-72°F. ,, -’ _: 

- _ . . . . 
._ . . - 

-The ro.om  humidity was nionitored daily. ..‘l!he humidity range for-the room was 3&70% ’ 

‘J$e:light :ecie was controlled.usingau automatic’ timer (12 hours lighi 12 ho& darkj. , .- : : 
NAM&$ is an A&&& ~&rterm&nal. acc&it~d facility. and is registered with the United ’ 

: 

States~Departmerit of Agriculture. Addition&y, NAMSA maintainsanapproved A&al 
We&e Assurance on file with tbe National lnstim tes of Health, Office for ‘Laboratory .- 
Animal Welfare. _ I j . . . 

As&ciates involved wereappropriaiely qualified and trained.. : 
_, ..- 

. . . . : 

BMQ01?89 
. . 

I -. ! .-. : _. 
Pige 5’pf 9 

: y . 
-.. . 

Corp. Hdqas 281 Tra~j+x&~&od.M142&-1397/&%&949455t F&4kISW&4 
.‘,. 

34th Cobb htemational Blvd.. gennesaw;GA 30152=1601/~0.42731011 Fax 770.428k 
: 9~Morgan Iti~e. CA92618-2078/ 94935131~01 Fax849Xit3z80 _ 
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Selection: Only healthy; previously untied, thinskinned animals ‘free of mechanicai irritation or 
trauma that could interfere $th the test Were selected. 

_ Experimental Procedure: 

The day prior to treatment, each rabbit ivas weighed and clipped free of fur from the back z&d both sides of the 
spinal coluinn to yield a suff5cient injection area. The clipped area of the back was wiped with a 70% alcohol 
soaked gauze pad just before injection and allowed to dry. Three rabbits were prepared per pair. of extr&ts. A 
0.2 ml dose of test article extract &is injected intracutaneously into five separate sites on the right side of the back 
of each rabbit; 0.2 rn! of the reagent control was injected into five sc~&rate sites on the corresponding left side ofthe 

i back. Injections were spaced approxiniately 2 cm apart The appearance of each injection site was noted 
irnmediateiy after injection. The a.&nals were returned to their respective cages following the procedure. 

. . 
Observations for erythema and edema were conducted at 24,4&, and 72 hours after injection. Reactions were 
scoredon a 0 to 4 basis. Any reaction at the injection sites was also noted. The reactions were evaluated according 
to the following subjective rating scale: 

. 

: _ 
For each. animal,.the erythema and edema scores obtained at each tune interval were added together and divided by 
the total number of observations; This calculation was conducted separately for each test extract and reagent 

- control. The score for the reagent controlwas sub&ted from the score fi the test extract to obtain the Primary 
Irritation’ Score. The Primary Irritation Score of each animal w&r added-together and divided by the total mnnber of 
animals to obtain thePrimary Irritation Index (PIT) The Primary Irritation Index was characterized by number and 
description as follows: O-O.4 (negligible), 0.5-J-9 (slight), 2.0-4.9 (moderate), 5.0-8.0 (severe). Any adverse 

reaction noted ‘in the test extract was compared to the corr.espondhrg reagent control, :. 
. -: 

._ . 
*_ _- I 

1 . . -.. . 1 :__ 
. .;. _. 

. . 
. . -.. ._ 
-: j :. _. .(. ‘_ ..- 

. . : 
_- : :_ ... 

_I- . ‘-_ 
_ ..- ‘. . . -_. -__ . ._ . _ .~ . ., 

1 
_- _-. 

. .‘I 

. . . _. - + :. - . . 
_-. 

-. BMOfJj79C) 
. . : 

. .._ ; 

.- : -_ : :: 

: 

._ 
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: 
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TX251-800 Lab so; OiT 15267.00 .- : 

RESULTS, _ 
: : 

Results qfscor? fdr individual rabbi&.app&r in T&e i. All tijection sites appkared normai iinmediately fdllowidg 
kj&on. The Mary Iqitation. Index (pn) and C&uzte&ation for: each extract are summed below: 

Extract Anitnaf Test ‘Controf Primary 
score 

PXilWly 
Number scqc Irritati~.~ In3ation 

Piimary 
hitation - 

Average- Average. SC0l-e scq% Yotal .Index Cbaraetexizatio~ 
27973 .O.i 0.0 0.7 : 

SC 27974 1 0.7. 0.0. ., 1 0.7 0.8 slight. 
1 0.9 .27971 1 0.0 1 0.9. 1 -. 

I 27973 I 03 I 0.1 I 0.4 I I 
C$O 

I 

. 27974 1 0.7 1.0 0.0 0.2 Ne@igibIe 
27971 1 0.9 0.7 . 0.2 

Rg&ts and cokkions apply only to thqtest a$cle tested, No further evaluatiim cif these results is made by 
NAMSA.. &I$ ekrap+ion of these data to other samples is fhe responsibiliky of the sptksor. All procedures were 
coi&cted in conformanci @ th goqd laboq&y practice and ISO 17025. ._ 

: 

CONCIJSION 

under the condi~ons’ ofthis study, -there ti$s no evid&c& of significant tit&ion Srob the cottonseed oil, NF extract 
injected intrac~utaneously irk rabbits. There was evidence ofslight irritation from the 0.9% sodium chloride USP 
.soluticiu injected intr&ufaneousIy into rabbits. .The Primary. Irritation Index Charkterization for the cottonseed .oil 
extract was xiegligiile while .the saline extract was slight. 

RECORD STORAGE 
: 

All raw da& pqtaikng to this study and a copy of the final report are to be retained in designated NAMSA archive 
files. 

:. . 

.‘C. .  
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Is0 AcuTE ticuT&ous m5mwn~ OBSERVATIONS 
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Tl251-890 

Extract 

- 

SC 

&&bit 
hmberl 
3ender 

._- 

27973 
Female 

27974 
Fede 

27971 
Female 

27973 
Female 

27974 
Female 

27971 
Fe&Ie. 

--T 
ER - 
0 
0 
0 
0 
0 

0 
0 
0.’ 
0 
0 

-i- 
1 
1 

.I. 
6 ==Z=S 

-0 
0. 
0 
O- 

-0 
-Ii-y- 

1 
1. 
0 
1. 

T 
1 

-f 
1. - 

urs 
3 
ER 
F 

0 
0 
0 
0 
0 

-0 
.o 
0 

.O 
-ii-- 

0 
0 

-0 
0 - 
1 

-1 
0 
0 
0 

--i-- 
1 

.I- 
1 
1 

1. 
1 
1 
1 
1 - 

ii--- 
i%-- - 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

.O 
0 
0 
0 - 
0 
0 

-0 
0 
0 

T-- 
0 
0’ 
0’ 
0 
0 
0 
0 
0 
0 -- 

-7 
Sir - 
0 
0 
0 
0 
0 

0 
0 .. 
0 
0 

.O 
0 

0 
0 
0 
0 - 
0 
1. 
I 
0 
0 

-i- 
I 
0 

ti 
-i- 

1 
0 
0. 
0 Z 

Body 
wig& 
@fd . - 

2.0 

2.0 

2.j 

24 Hours 

ER 
.o. 
d 
0 
0 
0. 

0 
0 
0 
0 
0 

0. 
0 
0 
6 
O- d 
0 
.O’ 
0 
.O. 
0 

T- 
1 

.I 
1 

,. 1 
0 

0 
0 
0 
1 - 

ii- 
ED - 
.O 
0: 
0 
0. 
0 

0 
0. 
0 
0 
o- 

T 

;. 
,.o 

.O - 
0 
0. 
0 
0 
0 

.o 
‘0 
0, 
0 
0 

--ii- 
0 

(0 
0 
0 - 

t ED 
r 

0 
0 

-0 
0 

0 
0 

.o 
a 
0 

0 
0 
0 

: 0 
0. - 
0 
0 
0: 
0 

: 0 
y-j-- 

? 
0. 
0 
0 

-T- 
0 
0 
0 
0 - 

Tt 
Et-- - 

1 
1 
1 
1 
1 

-i- 
1 
1 
1’ 
1 

.I 
1 

.I 
1 
1 

r. 
1 
1 
0 
0 A 
1 
1 
1 
1 
0 

-i- 
1 

:f 
1 
0 - 

E- 
y 

1 
1 
1 
1 

-i- 
1 
1 
1 
1 

-i--- 
1 
1 
1 
1 a 
1 
1 
0 
0 

‘0 
-T- 

0 
0 
0 
0 

1 
1 
0 
0. 
0 - 

Control 
-i!q-m 

0 0 
0 0 
0 0 
0 0 
0 0 
0 ‘0 

.‘O‘ 0 
0 ( 0 
0. .o, 
0 0 
0. ‘0 
0 0 
o- 0 

.o d 
-0 0 
-0 0 

0 0 
‘0. 0. 
0.. -0 
0 .O 
1 0 
i. 0 
1. 0 
1 0 
1 0 
1 0 
1 .O 

.l 0 
1 0 
1 0 

;t 
ED - 

0 
0 

.a 
0 

.O 
0 
0 
0 
0’ 
0 

.o 
0 
0 
0. 
0 - 
9 
0 
O- 
0 
0 

-T- 
.O 
0 
0 
0 

i 
0 
0 

L 
.O 
0 

2.0 CSO. 

cso 2.0 

cso 

: . 

SC = 0.9% sod.ium chloride USp s&jtion ” - 
,.: 

.-.-_ .‘.:..- .: 
; _.-. .‘_ , 

CSO=.cdttonseedoiI,~ _.. ,: .-_ 
,- - : .: . . -: ._ 
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This form is used for non:clinical sttie$ to be conducted according to FDA Good Labkator$Prr@ce Regubtins : 
of 21 Cl33 Part 58, C~bfiQletio&f this f&m idemifts material that ti?f.be J&e&on a.NAR#SA. Master &3edufe : - 
Sheet available for FDA inspeckm. All information requested must be tibmhted to NAMSA before testing may 
begin. -._ 

2% -2,:; 
-.g.--. : 

;1 
. y. f. 

Autbortzecl Asst.:. 
lif different, 
from left) 

1. 

2. 

3. 

4,. Stability: The”sponsoi ?sswes that the, above matcriat has been chtwS&ized ‘for -identity. strew-h, 3, _. 
purity and compvsitiori ds required by s&part F section 58.105’ (t~~Tbwkt.~ ‘Stability testing %.the ._- : 
responsibility of the sponsor and is subject to FDA audit; please indicate one $+She’ fdlowihf& . 

‘t .‘ 

XStabiiity testing is in progress; article is stable for duration of .intknded testing-~ 
Stability testing is c&r&et& and on file with sponsor, Exr%+tion’.D~e: ..‘=?3- ‘:z * .- : - 

i .y. 
5. Disposition: DiscardIDestroy-i Retuin~to Sponsors; Retain’- ;*od r&.mti$rs ICWW thy 28 dyr . 

._^.. . _ . 
B. Control Artlcls submitted Jty-Sponsor: ; yes-, - Idcntific&ion:- .-- . . 

. . 
1. BatchlCode/Lot (circle .oneI ldentifieationr 

- .; ‘-V- 

.2. Stora$e Conditions: F&o-m Temp 
. . . “f;‘;i-: 9 *:;li: - 

,-; Refrig.-; Freezer-, 
; Gel2 . 1 :‘” 

. - -_ 
3. Handling and ~afet.j!!Precaiipns~ . .-_ _ 

. : * ~ __ -- - 
-1.. :: 

4. Stabi!ky: Characterizatiocl .and stability information as above are also required for &ontrol a@&%. . ’ _ : --. 
.‘. ._ 

. . ..:. . 

Stabiliiy testirrg is $I progress; a&te is stable for duration of iritended test;&. 
: 

-Stability testing’ is complete. and on file with-sponsor, Expirations D&: ’ ’ ’ 
: 

: 
> : . Marketed product stability characterized by its labeling. - : . . ’ -. : - 

_ 
k Dispositiom Discard/Destroy_; Ret&n to Sporrsor-t Retain” . 

- -. _. 
_ yas+md ‘4 ~hdi~ 1onq.w than 28 dm+ : 

_: 

C. Mi&res of test of .control artioles with carriers require analysis to demonstrate Proper cowenttitiofilt: .. . . .....,. 

homogeneity,. and stability. , Spo&gr will pro@idt‘ anaiyticaf m&odsL, 
-p..d 

- bi, &fr perform ana+?. om ’ . : . 

repesentativk ‘akWots prqvided by t$AM!3A-. -, .-y-:. -._ -‘< .. , -..- 
O- NAMSA Cost Estimate NO.. l&Y-&i:. i list of tcstsi Sponsor’s PO No-. 

‘: ‘. ‘... 

.  .  :  

I  .  .  
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SDonsor :  

Bil l  Beas ley  
B ioMimet ic  Phar rnaceut i& l  Ink.. 
1 6 1 6  Westgate  Circ le 
Bren twood,  TN  3 7 0 2 7  

Td  

Nor th  Amer i can  Science-Assqciates,  Irk (NAIkSA)  
2 2 6  1  Tracy Road. .  
Nor thwood,  O H  4 3 6 1 % i 3 9 7  

. N A M S A  Use  on ly  

.O lT;~ 5 W 7 -60- . 
LabNo.  
C E P N o . 1649-LLTCRev isea  

AJJDrovals :  

Protoco l  Submi t ted  By  (NAMSA) :  

S tudy Director 

Date  Issukd: 

Pr inc ipa l  Invest igator:  
(Sponsor )  : 

Date  Approve&.  

S txidy Director (NAMSA) :  

Date  Init iated: 

lpak 
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NAMSA~GLP PRO’&COLT2Si 

IS0 ACUTE INTRACUTtiOUS REAC-HWTY STlJDYINTHERABBIT 
.- 

Purpose of the Study 

The objective of this study is to evaluate the local dermal irritant effects of leachables extracted from the test article 
f&wing intraeutaneous injection in rabbits. This study will be based on the rewements of the International 
Oqp.&ation for Standardization 19993: Biologkal Evaluation of Medical Devices, Part 10: Tests for Irritation and 1. 
SensitizatiOn. _ 

This study til1 be conducted in accordance with the requirements of the FDA Good Laborato~~Practice (GLP) 
Regulations, 21 CFR 58. 

Test Article: 

, 

- : 
Thesponsor will submit the material to be tested.. Detailed inkmation about the test article will be provided.by .the . 
sponsor on the GLP Compliance Notification formknished by NAMSA or on a similar attachment to the-promcol. ._ -. 
The following is to be completed (with initials and dates in the margin) by the spo’nsor or study director+ Further : _ 
instructions may be attached to the protocol. The sample will be prepared as follows: 

1: Ratio of test artieleto extraction vehicle: 
- Material thickness less than 0.5 mm - ratio of 12d dm2:20 & 

Material thic&reSs greater than or equal to OSmm - ratio of 60 cm*:20 ml 
L/ Irregularly shaped objects and/or sponsor option - ratio of 4 g:20 ml .----- 

._ 

_---- Other (explain) 

2. Extraction vehicle: 
&! 09% sodium chloride USP solution (SC) 
- alcohol in saline 1~20 solution (AS) 

L, 
polyethylene‘glycol400 (PEG)* 
cottonseed oil, NF (CSO) 

- Other (speci@) 
.’ 

_’ NOTE: -Due to the lot&n pH of these vehicles, the pH of the test article e&acts will not be determined. ,: 
&If PEG is used, thePEG t&extract and reagent control will be diluted with saline to provide 126 mg of’- : 
PEG/ml 1. : 

: . ._ 
3.. Extraction conditions: ’ - 

3?T, -72 ~otirs@ i hours) 
_ . . 

L/ ,: .- _ 
. . : * . . : - 12 1 “C, 1 hour (* 0.2 hours) 

70°C,24hours(rt2hours). :. : 
- .-.-- 
- 5O”C, 72 hours (zk 2 hours) .- ._ j:_. ._- - .Other(specify) -1 . ._ ’ 

Control Article:’ - . . . : ‘._’ 
Reagent controls (extraction vehicle without test material) will be prepared iri the same way and at the same time as 
the test extracts.. . : . . . 

I- 

: ._ 

_- : . 
.: . 

: . . .Page2of6 i .:-: 
Corp. Hdqys: 2X1 Tracy f&d; Ncrlhydd. 6H 43819-t~3?1519.666.9455/Fax5t9:55629C4 . . 

3400 Cobb lnternabon’al Blvd.. Kennesaw. GP; 30152-7601 I770.427.31Oi I.Fax 770.4265892 
: 

. . _. 

Ensuring Medical Device 
9 Morgan. Irvine. CA 92618~&78 / 959.9513110 I Fa+ 949.95tX&U _. : 

SBlety and Compliance- blf;ii&s: France * Germany .-. Israel . Taiwan - United Gqdcm ._ 



Species: 
Strain: 
Source: 
Sex 
Body Weight Range: 

_- \ Age: 
Acclimation Period: 
Number of Animals: 
Identification Method: 

Rabbit(oryCrolugus cunicu~us) 
New Zealand White 
Single USDA licensed supplier 
No particular gender is prescribed in this test 
2.0 kg or greater at selection 
Young adults 
Minimum 5 days 
Three per pair of extracts 
Eartag 

. 

Justification of Test Svstem: , -. 

The imracutan~ous injection test in rabbits is specified in the current IS0 testing standards and h&z been used 
historically to evaluate biomaterial extracts. -_ 

Dunlica’tion ofExnerimenta1 W&c 
_- 

;.. 

r 

‘By signature on this protocol, the sponsor confirms that the conduct of this study does not unnecessarily dupIieate 
previous experiments. 

Animal Management: 

Husbi&lryz 

Food: 

Water: 

Contaminants: 

Housing: 

. -. Environmenta!: 

. _ _, .. ._ 
. . : &ility: -- 

: 
. . Personnel: -, 

Animals will be individually housed in stainless steeI suspended cages identified by a card 
indi+ing the lab number, animal number, test code,.sex, and date dosed. . . 

‘. . . . f. 
The’roem temperature &l!be monitored d&y. The recommended temP&atiire range for the 1 
roomis &72’F. ’ . 

.,. 

‘.Th& room.humidity will be ‘monitored daily. The humidity r&ge for the room is 30-70%. : 
: .’ .:. 

The light cycle &ill be controlled using 6 automatic timer (I2 hours light., 12 hours -d&k)... “: 
,-. . . I_ - 

GAMSA is an AAALAG International &credited Facihi and is registered wimthe United 
StatesDep&rtment of Agriculture. Addi~onally,.l%%IvISA mai&ins an approve &ma! 
Wellie Ass@mce on lilt ,$-ith the @ional Institutes of.Bealth, Office for Laboratory 
r$nim&we&re. .._ ‘_ 

-: 

~‘&sociatesinvolved will be appropriately qualified arid mined- : - 
: 

: : 
-_ _-_ -. 

1 
:_ . 

._ 
._ :. - : 

: . 

IBM001798 . 
_- --_.. -- 

.N./)$&& ..: I- Corp. Hdqtrr 2261 Tracy Road. Northwood. OH 436tS-1& 419.&65055/ FaXiiWi&Lti 
34DD Cobb International’Blvd, Kennksaw. iIGA30152-?6Dl/ 770.4273101 /Fax77D.426.5692 

. 1. 
Emwring M+di&t Device 

3 M&g& Levine: CA~k2618-ZD76l.WS.95~31 IO/Fax 949.&3~80 

Safetyand Conipliaace~ , Atfiiiaies: France * Germany * Is&l - Taiwao * t&it& &~&WI 

Co&tion+will co&rm to Standan! Operating Procedties which are based on the “Guide’ 
for the Care and.Use of Laboratory A&mals.” 

A commercially available, pelleted, rabbit feed will be provided daily. 

Freely available, mmicipahater will be delivered through an aufomatic watering system. 

Reasonably expected contaminants &feed or water supplies should not have de potential to -’ 
influence the outcome of this test. 

Pagi: 3 of6 .’ 
._ 
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Selection: Only healthy,‘thin-skinued’&mals free of mechanical irritation or trauma that could 
interfere with the test will be.selected. To reduce the number of animals used fi testing, and 
to comply with the directives of the NAMSA Institutional Animal Care and Use Committee 
(IACUC), rabbits on this study may have been used previously in an unrelated test model 
Airy previously evaiuated test or control articles did not cause a response in. the animals. 
Complete history of auiqi1 usage is traceable in laboratory records. AnimaIs used for 
.previous evaluations will be identified in the report 

Sedatios 
Analgesia or 
Anesthesia: It has b&err determined that the use of these. agents will not be necessary during the routine .- 

course of this procedure. 

Veterinary 
Care: Iu the unlikely &vent that au animal .should become injured, il& or moribund, care wii be 

conducted in accordance with current veterimry medical practice, If warranted for humane 
. reasons, euthanasia will be conducted in accordance with the current report of the American 
Veterinary Medical Association’s Panel on &hanasia The objective of the study will be 
given due consideration inany decision and the study sponsor will be advised 

IACUC: This protocol has beeuapproved by NAMSA Institutional Animal Care and Use Committees 
(LACUC), and is reviewed at. least annually by the same committees. Any significant 
changes.to this protocol must be approved.by the IACUC prior to conduct. 

Methods and Route of Administmtion: 

The day prior to treatm&t, each rabbit will be weighed and clipped free of fur f?om the back and both sides of the 
spinal cohunn to yield a sufficient injection area. The clipped area of the back will be wiped with a 70% alcohol 
soaked gauze pad just before injection and allowed to dry- Due to concern with the crowding and subsequent 
obscuring of injection sites, the test arid control sites will not be cranial aridcauda1 on the same side of the back as 
defined in the IS0 standards- Each test extraci will be administered iu five intracutaneous Injections of 0.2 ml each 
on the right side of each rabbit’s back Five reagent control iujections will be injected similarly on the Ieft side of the 
back No-more than two test extracts and the corresponding, reagent controls will be injected into each animal. 
Injections will be about 2 cm apart. The appearance of the injection sites wih be noted immediately after iujection. 

bbservatioris for erytherna and edema ‘$ll be noted for each injection’site at 24 (rt 2 hoursj, 48 (rt 2 hours) and 
72 ‘(=t ? hours) hours after injection Reactions will be scored on a 0 to 4 basis. Other adverse chauges .at.the - ’ . . 
injection sites wrll also be noted. After the .test d corr$eted, all ariimals will be handled in accordance with IACUC 
approved NAMSA Frocedures. The reactions *I be evaluated according to’the subjective rating scale as shown 
below: : . . ._ 

: 
. . 

~El&PHEMA (ER) _. 

,Noeryth&a 
-Very slight erytherna(barely perceptible) 
Welldefmed erythema 
Moderate erythema 
Severe ecytheqa !$eet redness) to’esehar 

. formation preventing gradirig of erythema 
_’ 

EDEMA(ED)- .... ._ 

0 No ed-ei&- 
1 Very slight eaema (barely perceptible) r_ 
2 Welldefmed’edema (edges of area.well- 

‘define& by definite raising) . 
3 Moderate edema (raised approximateiy‘ 1 mm) 
4‘ Severe edema (raised.more than 1 mm, and 

extending beyond expo&re area) .. 
_- ._ -- 

.: 

: 
; ._ 



Evaluations and Statistics: 
I  

_ 

No statistical a&y& ofthe data willbe performed .For each an&nag the erythema and edema scores obtained at 
each time interval will be added together and divided by the total number of observations: This c&&ion till be 

- conducted separately for each test extract and reagent control. The score, for the reagent control will be subtracted 
from the score for the test extract to obtain the Primary Irritation Score. The Primary Irritzition Score of e&h arrimal 
will be added together and divided by the total number of animals. The klue obtained% the Primary Irritation mdex 
(PII). The Primary Irritation Index,is characterized,by number and description as follows: O-O.4 (negligible); 05-1.9 
(slight), 2.0-4.9 (moderate), 5.0-8.0 (severe). If the response inn-the initial test is equivocal, additional testing tiy.be 
necessary. ‘Any adverse reaction noted in the test extract will be compared to the corresponding reagent control: : 

pePore 
The fmal report will include a description of the methods employed, individual dermal scores for each test and 
control injection site, and the assessment of the results (Primary Irritation Scores and the Primary Irritation Index). 

Qualitv Assurance: . . . : 

i 
Inspections will be conducted at intervals adequate to assure the integrity of .the study in eomormance with 
21 CFR 58.35(b)(3). The f-1 report will also be reviewed for conGor&mce to Section58.185, Subpart J, of the 
GLP Regulations- A Certificate of Quality Assurance Inspections will be provided with the tinal report. 

_- 
Records: 

Test article and reagent control preparation data, dates of relevant activities ‘(such as the study initiation and. 
completion), the appearance of each injection site immediateiy after mjection, individual dermal scpres at 
24,48, and 72 hours, the Primaryhritation Score, and the Primary Irritation Index will be recorded 

. . 
All raw data pertaining to this study and a copy of the’final report &ill be retained in designatid NAhGAarchive 
files. . . 

. Prouosed Dates: 

The study dates will be finalized by the study director following receipt of the sponsor-approved protocol and 
appropriate material for,the study. Initiation of the study will be the date on which the study director signs the GLP 

..’ _- protocol. Projected dates for starting the study’(first trekment) and for the completion of the study (final report I 
release)’ will be provided to the sponsor (or representative.of thesponsor); and tidded to the protocol. : . . 

! .: ‘_ . 

. . /: :. -_ 
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Refer&es: : . . 

2 1 CFR 58 (GLti R+ukttions). 

Guide for the Care unh Use of Laboratorj Anitiak, Institute ftir-LaboratoryAnimal Research, Nat.jonaI Academy of 
Sciences (W&ingto~ National fjca$eiuy Press, 1996). 

_- 
: 

International Organiktion for Standardiqtion~ 1099j: Biological Evaluation of Ned&J D+kxs, Part lo: Tests fdr 
Irritation and Sensitization. _- 

QLAW, Public HeaIth Service Policy on Humane Care and Ike of Laboratory Animais. 

United States Code of Federal Rkgulation (CFR) 9: The Animal Welfare A& 

United States Pbarmacope$~ (USP), current edition. 

Protocol Chane;es: ./ : : ‘_ 

Any necessary cha&ges to the protoco1 after .$onsor approval or s&dy in&ion &ill be dokmeuted and apbroved 
by the study director ris protoi;oI xqmmlmenta. Copies.will be distrihted to the sp&mr, the raw data fild; and the .. 
NAMSA Quality Assuknce depart&x& 

_ 1 
: ‘: .Eas+g M&cat Device 

satey and Compfiic&- . . 

. ._. 

. . 
:_ __._ . 

_: . 

. . . . . . . I 
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BlLL BEASLEY ’ 
BIOMIMETIC PHARMACEUTICALS 
I616 WESTGATE CIRCLE 
BRENTWOOD, TN 37027 

PROTOCOL AMENDMENT1 

Test Article: rhPDGF-BB (Be&plerrnin - 1 mdmI 20 mM NaAc B@er)and Vito& Scaffold 

Identification: Lot#QA2217 and Lot 081098-146 

NAMSA Lab No.: OIT 15267 00 ._ 

We have received appropriate t&art&&s and approi&protocois for the progam tobe conducted in accordance with the 
Goo$L&oratory Practice (GLP) Regulations on the material descriied’@ve. selow is a projected schedule for the wqrk 
to,be performed. 

NAMSA 
-m 

vOo14-130 Cytotoxicity Study using the ISa El&on Method (E&act) 

-%I261-300 

T%?61-301 

‘Il251-800 

TI264-500 

VOO23-21 j 

%  voou-2 12 ._ 

l?247-804 . 
THO35-800 

w 
: 

IS0 Sensitization Test in Fift&n Guinea Pigs, 
Sa1ineExtxac.t 
IS0 Sensitization Test in F&en Guinea Pigs, 
Cottonseed OiI Extract, 

IS0 Acute Intracutaneous Reqctivity Studyin ‘i%ree Rabbits 
Salin? Extract, Cpttonseed Oil Extract 

IS0 Acute System@ Toxicity Study in Five Mice, 
Saline Extract, Cqttonsee-d Oil Extract 

denotox&itr,- Bacterial R&rse Mu&ion-(Am&s) &t, 
SaIrnoneiIa tid g ccdi strain& Saline Exmct 
Genotoxici& I&tea&I Reverse Metion (Ames) Test, 
%&nor&a arid- E, coli &ins, ,DMSO &r&t 

!SO surgical Muscle h&&ti0~, iyl -I-hree.Rabbits (4 WF$s) 
WithH+opathology . . 

‘. 
._ 

.J 
._ .. . ). 

-&c, I;, -Gw?l .’ ._ 
: Date 

tLT;dap . 
’ 
CC: QA @JAMSA) 

.CLP study fite 

. 

’ ._ 

,-. 

Estimated E%timatedReport 
start Date: 

Dec.‘13,2001 

Dec. 14,2001 

Dec. 17,2OVl 

Dec..l7,2opl 

Dee, 18; 2OOI 

Dec. 19,2001 

Release Date: 

Jan. 8,2&Z 

Jan. 25,2pO2 

Ja?. 8,2002 

Jan. 8,2002.‘ , 

-Jan: 15;2002 -’ 

. 
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December l&2001 

SAMUEL LYNCH, M .D. 
BIOMIMETICP~CE~CALS - 
1616 WESTGATE CIRCLE 
BENTWOOK, TN 37027 

PROTOCOL AMENDMEW II 

Test Article: rbPDGF-BB @e&pIermiu --‘I ~mghl20 m M  NaAc Biker) and Vitoss scaffold 

Identifi&tion No.: Lot #QA2217 a&l L& 081098-146 

Protocol: 

NAkSA Lab No.: 

VOO14-130 c>;tooxicity Study using the IS0 El‘ution Me&l (Extra&) 
TI261-300 IS0 Sh&ization Test isl Fifteen Guinea pigs (&line extrkt) 
TI261-301 IS0 Se&i&ion T&t in Fifteen Guiu.ea pigs (C&on&d oii extract) 
TI251-800 IS0 Acute Iutracutaneous I+ctivity Study in Thre& RBbbits 
TI264-500 IS0 Ac#e Systemic Toxicity ,Study in Five Mice 
VOO23-211 Genotgxi&@ Bacterial Reverse.Mutation (Ames) T&t (Sal& extract) 
VOo23-2 12 Genotr+ciw Bacterial Reverse Mutation (Ames) Test @MS0 extract) 

01T 15267 00 

~ame&mentwasvfrittento clarify,the preparationof’thetestariicle. 

The two components of the test articie must be combined just priqr to extzkiiou preparatio; To do this, a 111 i&o- 
of Vitqss (in gr&s) to rl iPDGF-BB (in ml’s) will be+pared;. For example, a 2 g.portion of the CbronOS will bk 
saturated with 2 ml of the &PDqF. If the frozen rhJ?DGF-BB is used, it must first b& t&awed prior to the ._ 
.prepqation. 

i 
The result&g mixture will then be-used fbr‘ the extraction preparation (i.e. weight of the prepared test article to 
voimne of extraction vehicle). 

^  ._ . 

:. .’ 
_’ ... _ . ., 

-. 
-_ 

_. .. l 
._ . :_-. 

. . .( 

: 

. .: t 
. ‘r- 

. . :. 
_ .’ 

. . . 

cc: NAMSA QAU 
__ : - . 

GLP study file _., : 
z 

._ . . . -_ ._ : _.. - . . .-. . : 



January 8,200Z 

-BILL BEASLEY 
BIOMIMETIC PHARMACEUTICALS 
1616 WESTGATE CIRCLE . 

BRENTWOOD, TN 37027 

REVISED* 

PROTOCOL AMENDMENT II 

Test Article: rhPDGF-BB (Becaplermin - 1 &/ml 20 mh&NaAc Buff+) and.Vitoss Scaffold 
._ 

Identification No-f Lot #QA2217 a& Lot 0~1098-146 -- .__ 
: Protocol: - VOO14-130 Gotoxicity Study using the IS0 Elution Method (Extract) 

TI261-300 IS0 Sensitization Test in Fifteen Guinea pigs (Saline extkct) 
TI261-301 IS0 Sensitization Test in Fifteen Guinea ,pigs.fCottorrseed oil extract) 
TI25 I-g00 IS0 Acute Intracutaneous ReactivitE; Study in Three Rabbits 
TIXX-500‘ ISO Acute Systemic Toxicity Study &Five Mice 
VOO23-211 Genotoxicity: Bacterial Reverse Mutation (Ames)~Test(Saline extract) 
VOOU-212 Genotoxicity: Bacterial Reverse Mutation (Ames) Test @MS0 extract) : 

.. N&MSjX Lab No.: OIT 1526’7 00 

This amendment w& written to clarib the preparation of the test article. 

The two‘components of the test article must be combined just prior to extraction preparation. To do this, a 1: 1 ratio: 
of Vitoss (in grams) to rhPDGF-BB (in .ml’s) will be prepared. For example, a2 g portion ofthe Vitoss* will be 
saturated with 2 ml of the rhPDGF, If the frozen rh.PDGF-.BB is used, it must fust be thawed prior to the- 
preptition.. ; 

‘The resulting mixture will then be used for the extraction preparation (i-e: weight ef the-prepared test article to . . 
volume of extraction vehicle); ._ : 

* This amendment was revised.to correct the sponsor name and address, and to correct the-nami: ofthe Vito& in the 
.secondpara~ph. .__ .- .: . *.. . : .. ._ -... . . I . .’ ( .- 

. . . . 1 : A_ : . . . 

.. 

CC: NAMSAQAU’ -.I’ . 
GLP study tile _. ,- BMOOl804 . . .: : ... .. -. _ -_.. ., !raru I. -‘_ : 



Appendix 7.7.11: Test Report TI264-500. IS0 acute systemic 
toxicity study in the mouse (Extracts) 
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Lab No; OlT152&0 

P.O.No; oi-loos 
GLP 

ST’& TITLE: 
1 

IS0 ACUTE St;cStimC TOXICITY STUDY IN THE MOTJS& 

TEST ARTICLE: :- 

._ 
rhPDGb3 @ecaplemGi - 1 mg/ml20 mM &Ae Biffer) and Vito.& Scaffold .’ 

._ .- 

IDENTIF$CA’JXON~d.: ’ 

I&t #QA2217 and Lot OS 1098-146 
, 

: .( 
. .: 

. . . 
:..I 

:. .-, 
. 

. . 
.- 

_.;_ 
- 

: _. . . 
I. . 

:. : 

. . ._- 
_. : 

_’ . . . 

;( 
- 

TEST FA&LtI% ._ 

-: $Jk& ‘. .:- 
2261TrabyRoad->.-. 

._ . . . 

No&wood, ijH 43619-‘13& .: 

Ensuring twedtcatocvtce’ 
Safety and thrapliawee- 

, ; __ .. ._ . 
SPONSOR: 

;. :..- 
- -_ -, 

,. -. 

_. BILL BE&LEY 
. - 

_’ ._.. 
BIOMIMETIC 

~&.&& 

.: 16i6~STGATECIR.L~-‘. .‘::. 
BR@N?WOOti,TN 37i27 

: _ .,: 

BM()(J48(36 * :’ . ..::. 
.__ .- . . , 

Corp. Hdtjtrsz 2261 ‘&y Road, 6Jo&v&d, OKQ3619-t~~/ 4%9.659&5i Fax 419.66629W~ 
3400 Cobb international Btvd, Kywsaw, GA.3~152-7601/77W27.3tpl I F-px 7?&4265f&. 

9 Morgan, Nine. CA92slS-~/~~l.3llOlFai~3.951~~ 
Affiliates: F!ance * Germany * Israel ? Taiwan * United Kingdom 
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TI2ti500 

- 

Lab No; 01T 15i67&j 

TABLE OF C&$ImTS 
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iot 081098-146; was extra&ed in OZ% sodium chloride USP sohrtion and cottonseed oil,NF. These ext&ts were ’ 
evaluated for systemic toxicity in accordance with the requirements of the International Organization for 
Standardization 10993: Biological Evaluation of Medical Devices, Part 11: Tests for.Systemic Toxicity: 

A single dose of the appropriate test article extract was injected into. each of five mice per extract by either the 
i intravenous or intraperitoneal.route. Similarly; five mice were dosed with each corresponding reagent control. The : 

animals were observed immediately andat 4,24,48, and 72 hours after systemic injection. 
\ . 
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_- 
The test, article~derkfkd below, was extrac&d and the extracts ~emevaluated for biokompatiiility in accordance 
with the requirements of the It$rnati&k~ Organization for Stan~tion 10993:. B~oiogical Evaiuation of 
Medical Devices, Part 1J: Tests for Systemic Tokity: The purpose of the study was to determine whether 
le&hables extracted from thema4mrial would cause acute systemic toxicity fvfiowing inj&ction into mice; The test 
article was received on November 20,2001’ and December 10,2001. The animals were-dosed ik 
December’ f4,206i,and the observations were concluded on December 17,2001_ 

The study, initiated by protocol signature on D&ember 10,2001, k-as cond@ed m accordance &&the provisions, 
of the FDA Good Laboratory Ractice(GLP) Begulations, 21 CFR58. A Cer$icate of Quality .&nuance 
InspeSO& was issued with this report. 

The sample provided bythe sponsor. was ideirtified and handled as foliows: . 
: ‘. 

Tt&Articie: .: .: rhPDGF-BB (BecapIekn f 1 mg/mi20 mM Nr& Buffer) andVitoss Sc&foLd.. 
: . 

Ident&atiou No: _. Lit #QA2217.and Lot 081098146. 

: Stability Testing: In Progress (per sponsor) 

Expirkion Date: Stable for duration of intended testing (per sponsor) 

Storage, Condition& rhPDGF-BB - refrigerated 
Vitoss S&gold‘-- room temperature 

Vehicles:. 0.9% sodium chloride USP solution (SC) 
cottonseed oil, NF (CSO) 

Preparation: 

~Condition ofExti-acts: 

A 2 g portion’of Vito& Scaffold was saturated with a 2 ml portion of 
rhPDGF-BB for each’extmction vehicle immediately prior to pouring- Based on 
a ratio of 4 g:20 ml, a 3.5 g portion of the prepare.d test article wascovered with _ 
18 ml of the vehicle. The. prepared test article Was extracted in SC and CSO at 

. 37°C ‘for 72 hours. The extra&ion vehic!es without test article were similarly : 
prepared to serve as reagent controls. 1 

. 
Test ’ contr& _. 

SC: G with p&ticuiates* clear. 
cm. cloudy with particuhttes: ’ CIGTU- 

*The test extract was filtered with a 0.8 urn filter disc to yield a clear, 
part&ulate free extract. 
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I Synopsis 

-I 
I I 

“Platelet-Derived Growth 
Factor Expression in 
Normally Healing Human 
Fractures” 
By: J.G, Andrew, J.A. 
Hoyland, A.J. Freemont, 
D.R. Marsh 

Synopsis: Biopsy material 
from 16 healing human 
fractures between 1 and 6 
weeks after surgery for 
malunion were studied to 
better understand the role 
of Platelet Derived 
Growth Factor (PDGF), in 
vivo, in bone repair. 
Immunohistocehmistry 
(for PDGF) and in situ 
hybridization (for the 
PDGF A and B chains) 
were used to evaluate the 
possible role vf PDGF 
during fracture healing. 

of Patients) 
/ 

Patients) 

p- -Grade 1 (fracture hematoma and granulation 
tissue): PDGF protein was detected in the early 
stages of fracture healing, but gene expression 
was not seen for PDGF A or B chains, PDGF A 
gene expression as well as PDGF protein was 
noted in endothelial cell cells as well as in 
“mesenchymal cells” . PDGF B gene expression 
was less. 
-Grade 2: (definitive matrix formation): PDGF 
A mRNA was seen in hypertrophic chondrocytes 
and osteoblasts while low levels of PDGF B 
mRNA were seen only in cuboidal osteoblasts. 
PDGF A gene expression was positive in the 
endotheliai and perivascufar cells of vessels, but 
PDGF B mRNA was absent. PDGF staining was 
present on all osteoblasts, although the staining of 
flat surface osteoblasts was variable. The 
staining was also most pronounced in osteoid 
immediately adjacent to osteoblasts and woven 
bone. 
-Grade 3: PDGF A gene was expressed in the 
chondrocytes and osteoblasts, but few expressed 
PDGF B mRNA. Gsteoclasts were nearly all 
positive for PDGF A, but only a few were 
positive for PDGF B. The amount of PDGF in 
bone matrix was less, but PDGF A and B chains 
were positive in the round mononuclear cells of 
the trabeculae. Endothelium was positive for 
PDGF protein and gene (A and B) expression. 

7 
PDGF is expressed during normal 

human fracture repair. This study 
confirmed prior in vitro data that 
PDGF is an important natural 
modulator of bone wound repair and 
new blood vessel formation.. 

2 I “An evaluation of 
I 
12 i N/A 

I 
I -Clinical: Post-surgical healing was normal and 1 TCP alone is a clinicallv well i 

Tricalcium Phosphate 
Implants in Human 
Periodontal Osseous 
Defects of Two Patients” 
By: W.T. Baldock, L.H. 

without complicati&s; prima+ interproximal 
wound closure in 10 of 13 implant sites was 
obtained; after 1 week, 3 sites lost interdental 
papillary soft tissue covering and TCP was 
visible until second week. By week 3 the 

tolerated material but was not shown to 
result in new bone formation in this 
study evaluating 2 patients. This 
finding suggests that TCP requires 
supplementation in order to optimize 



Reference No. Title, Author, and 
Synopsis 

I 

Hutchens Jr., W.T. 

Synopsis: Thirteen 
defects in two patients 

McFall, Jr., D.M. 

were treated with 
mucoperiosteal flaps and 

Simpson 

implantation of TCP. The 
defects were then 
evaluated clinically and 
radiographically utilizing 
standardized probe 
placement and 
radiographic technique. 

3 “Platelet-derived Growth 
Factor Stimulates 
Hyaluronate but not 
Proteoglycan synthesis by 
human gingival 
fibroblasts in vitro” 
By: P. M. Bartoid 

Synopsis: To determine 
the effects of Platelet 
Derived Growth Factor- 
BB on human gingival 
fibroblasts. Human 
gingival fibroblast 

Test Article (No. 
of Patients) 

Not specified; 
listed as healthy 
donors 

Control (No. of 
Patients) 

Results 

interdental gingival covering was evident. 
Probing pocket reduction of 4.5mm seen after 3-9 
months. 
-Radiographic: A 1 &run increase (fill) in the 
coronal position of the preoperative Hirschtield 
point in the defects seen. The implant material 
was radiographically visible during all 
observation periods. Demarcation between TCP 
implant material and bone and proximal tooth 
was evident. No radiographic evidence of root 
resorption or ankylosis seen. 
-Histologic Findings: TCP present in all 
specimens as vacuoles due to decalcification of 
implant material. No evidence of ongoing 
sequestration of TCP, TCP vacuoles separated by 
fibrous connective tissue from the osseous defect. 
There was limited evidence of bone replacement 
of the TCP vacuoles, but some new bone 
formation was seen on the margins of the 
adjacent host bone. Connective tissue attachment 
to the new and old cementum was seen and new 
cementum formed coronal to the apical reference 
notch in 3 specimens. 

Present, dose -Mitogenicity of PDGF: Control cultures exposed 
response studies only to serum showed a dose dependent response 
were carried out to FCS (0% FCS-little proliferation, 10% FCS-5 
on triplicate fold-increase), The ceils responded to PDGF with 
cuitures a marked increase in proliferation over the 

controls, the highest being a 10 fold increase over 
the control conditions of 0.2%FCS. 
-Effect of PDGF on proteoglycan synthesis: 
Increasing amounts of FCS stimulated the 
amounts of proteoglycans. The presence of 
PDGF in 0.2% serum had no stimulatory effect 
on the amount of proteoglycans synthesized by 
human gingival fibroblasts. 
-Effect of PDGF on glycosaminoglycan species: 

Conclusions 

its role in bone regeneration. 

PDGF was found to stimulate 
gingival fibroblast proliferation and 
other factors associated with early 
wound healing and repair, which may 
be significant in the process of repair 
and regeneration of periodontal tissue. 



Reference No. . Title, Author, and 
Synopsis 

cultures were evaluated 
for their response to 
PDGF-BB, specifically as 
it related to the synthesis 
of important extracellular 
matrix components, 
proteoglycan and 
hyaluronate. 

4 ‘“Osteoinductivity of 
Subcutaneous Ultraporous 
Beta-TCP with Isologous 
Bone Marrow in Rats” 
By: L. Bellencampi, T. 
Clineff, and E. Erbe 

Synopsis: In this study, 
P-TCP used alone or in 
combination with bone 

1 Test Article (No. / of Patients) 

Vitoss /3-TCP; 48 
female athymic 
nude rats 

Control (No. of 
Patients) 

Results 

4. 
In all culture conditions, no significant 
differences were noted in the distribution of this 
proteoglycan component. 
-Effect of proteoglycan hydrodynamic size: 
Chromatography was used to determine the 
effects of PDGF on the size of proteoglycans 
synthesized. Two peaks were noted for the 
material secreted into the medium for cells 
cultured in FCS and PDGF, but only one peak for 
cells cultured in FCS. There were no differences 
in elution profiles for the cell layer associated 
material either. 
-Effect of PDGF on hyaluronate synthesis: The 
response to PDGF was dose-dependent and 
showed a significant increase over the control 
cultures exposed to 0.2% FCS alone. The 
stimulator-y effect was evident within 24 hours of 
exposure to PDGF. 
Specific Activity Determinations: The specific 
activity of glycosaminoglyans was assessed by 
dual labeling and analysis of marker ratios in 
digested disaccharides. The marker (S/H) ratio 
increased in proportion to the levels of FCS and 
PDGF present in the culture medium. The ratio 
for chondroitinase ABC disaccharides from 
cultures exposed to PDGF in 0.2% and 10% FCS 
was 1.4 times greater than that for control 
cultures in 0.2% FCS alone. 

N=8 for each Bone formation was evaluated at 14,28, and 56 
type of implant days after implantation. &TCP 4 BMA samples 

and animals implanted with human DBM had 
significantly more alkaline phosphatase activity 
than 0 -TCP alone or UHMWPE at all time 
periods. 0 -TCP + BMA induced significantly 
more bone formation than other types of implants 
at all but one time point (day 56 v. DBM). 
Increased bone formation with time was observed 
with the /3 -TCP + BMA implant. Significantly 

Conclusions 

----I 

used in combination with bone marrow 
aspirate is more effective at inducing 
bone formation than the porous 
ceramic alone, demineralized bone 
matrix or a protein extract obtained 
from demineralized bone, 



Reference No 

5 

6 

Title, Author, and 
Synopsis 

marrow aspirate was 
compared to DBM and 
UHMWPE in a 
subcutaneous implant rat 
model for its ability to 
induce bone formation 
“PLF and Iliac Crest 
Repair with a Synthetic 
Cancellous Bone in the 
Baboon” 
By: I.+. Bellincampi, E, 
Ledet, B. Sachs, T. 
Clineff, and E. Erbe 

Synopsis: P-TCP + bone 
marrow aspirate was 
compared to autologous 
bone used in posteolateral 
spinal fusion procedures 
performed in baboons. 
CT scan evaluations were 
performed over a 6 month 
period of time, 
Additionally, P-TCP was 
evaluated for its ability to 
facilitate healing of an 
iliac crest donor site. 

“Tissue reaction to 
intrabony ceramic 
implants” 
By: S.N. Bhaskar, D.E. 
Cutright, M.J. Knapp, 
J.D. Beasley, B. Perez, M. 
Driskell 

Synopsis: This studied 
investigated the histologic 
tissue reaction to ceramic 

Test Article (No. 
of Patients) 

Vitoss P-TCP; 3 
skeletally mature 
baboons 

60 albino rats, 4 
miniature pigs, 2 
monkeys 

Control (No. of 
Patients) 

N/A 

N/A 

Results 

more new bone formation was found at 56 days 
compared to 14 and 28 days. 

CT scans revealed indications of early immature 
bone formation posteriorly with no detectable 
differences between autologous bone and p- 
TCPIBMA treatments. At 6 months, the 
formation of a fusion mass in all animals between 
the vertebral bodies indicated efficacy of the 
synthetic bone. 

-Rats: Implants placed into surgically created 
defects in the femur. One day after implantation, 
the area of the ceramic was surrounded by edema, 
neutrophils, and red blood cells. After 4 days, the 
ceramic pores had plasma cells and lymphocytes 
and fibroblastic proliferation. After 14 days, the 
periphery of the implant and alveoli showed 
fibroblastic proliferation and formation of bone 
(mediated by osteoblasts) and osteoid. From 28- 
56 days bone formation in the implant continue 
and bone marrow elements differentiated. 

1 

Conclusions- 

The results of this study show that 
the p -TCP scaffold was completely 
effective in promoting iliac crest repair 
and was equally effective as 
autologous .bone grafts when used in 
combination with bone marrow 
aspirate for posterolateral Eusion of 
vertebral bodies. 

This study confirms that the 
phosphate-bonded ceramic is well 
tolerated by tissues, does not elicit a 
foreign-body reaction, is quickly 
infiltrated by connective tissue and 
bone marrow, and forms a latticework 
upon which osteoid is deposited. 



8 

Synopsis 
Reference No, Title, Author, and 

“IMMUNOLOCALIZAT 
ION AND EXPRESSION 
OF BONE 
MORPHOGENETIC 
PROTEINS 2 AND 4 
FRACTURE HEALING” 
By: M.P. Bostrom, J.M. 
Lane, W.S. Berberian 
et.al. 

J. Orthop Res 1995 

Test Article (No. 
of Patients) 

Study of the 
definition and 
characterization 
of bone 
morphogenetic 
proteins in an 
established rat 
fracture healing 
model. In each 
of 42 rats, 
femoral 
diphyseal 
fractures were 
created. Rats 
were divided into 
7 groups of six 
animals. One 
group each was 
killed 
postf&ture on 
days 2,4,6,8, 
l&14, and 21. 
At sacrifice 
radiographs were 
taken to evaluate 
bone formation. 
The femora was 
removed and 
immunohistoche 
mica1 analysis 
,rsing 
monoclonal 
antibodies 

Control (No. of 
Patients) 

N/A 

Results Conclusions 

disadvantage of CPC is its lack of macropores. 
Thus, biodegradation occurs layer by layer from 
outside to inside. Solutions to this problem 
include the addition of soluble particles into the 
cement. 

Based on radiographic studies, calcification of the 
calluses were evident at day 10 postfracture. 
Immunohistochemicai results analyzed both in 
terms of cellular and temporal expression of 
BMP-2 and BMP-4 and relative to 
intramembranous bone formation and 
endochondral ossification that proceeded from 
the initial fracture hematoma through 
chondrogenesis and subsequent formation of new 
bone. Staining was intracellular with the 
exception of extracellular matrix staining in the 
periosteum and the periosteoblastic areas of 
primitive woven bone. No other tissues 
contained stain. 
Intramembranous bone formation (i.e., bone 
formation with cartilaginous intermediates): 
Positive staining was present immediately after 
fracture in the cambium cell layer of the 
persiosteum proximal and distal to the fracture 
site. These periosteal cells increased as fracture 
healing progressed and there was a minimal 
increase in the percentage of cells staining 
positively. By postfi-acture day 6, abundant 
staining was evident in osteoblasts lining 
primitive woven bone. Woven bone remodeled 
into lame&r bone showed a decrease in intensity 
of osteoblasts, however, the percentage staining 
positive remained constant. As the process of 
lamellar bone formation continued, the number of 
periosteal cells and percentage staining positive 
decreased. 
Endochondal Ossification: Within several days 
after the fracture, periosteal cells and osteoblasts 

It appeared that the act of fracturing a 
bone not only stimulated the periosteal 
reaction seen histologically but also 
induced the synthesis of BMP 2 and 
BMP-4 by the same cells. As bone 
formation progressed, the number of 
more mature cell types increased and 
BMP-2 and BMP-4 decreased. 
It appeared that as undifferentiated 
primitive cells proliferated in the 
fracture hematoma, the synthesis of 
BMP-2 and BMP-4 was induced. 
Formation of osteoblastic lamellar 
bone, especially during remodeling, 
was not associated with a dominant 
BMP process. 
Data from the study, as well as the 
know osteoinductive capabilities of 
BMPs, suggest that BMP-2 and BMP-4 
are important regulators of cell 
differentiation during fracture repair. 



Reference No Title, Author, and 
Synopsis 

“‘Factors in the fracture 
microenvironment induce 
primary osteoblast 
angiogenic cytokine 
production” 

By: P.J. Bouletreau, S.M. 
Warren, J.A. Spector, 
D.S. Steinbrech, B.J. 
Mehrara, and M.T. 
Longaker 

July 2002 Angie Cytokine 
Production 

Synopses: The purpose of 
this in vitro study was to 
investigate the effect of 
recombinant human 
alatelet derived growth 
Factor BB isoform 
:rhPDGF-BB) on the 
qnthesis of vascular 
:ndotheliai growth factor 
VEGF) by neonatal rat 
)steoblasts, and determine 
whether PDGF works in 
;oncert with hypoxia to 
additively or 
synergistically induce 
4EGF production, 

‘Is PDGF really 
mportant? Testing the 

Test Article (No. 
of Patients) 

specific for 
BMP-2 and 
BMP-4 

Neonatal rat 
osteoblast 
cultures 
incubated with 
various doses of 
rh.PDGF-BB (1 
to 100 ng/mL) 
under normoxic 
and hypoxic 
(4%‘02 tension) 
conditions. 

Patch Mutant 
Mouse 

Control (No. of 
Patients) 

Neonatal rat 
osteoblast 
cultures 
incubated 
without 
rhPDGF-BB 
stimuIation 
under normoxic 
and hypoxic. 

WA 

Results 

demonstrated intense staining for BMP-2 and 
BMP-4. As woven bone was replace with 
lamellar bone, staining decreased. 

rhPDGF-BB induced osteoblast VEGF mRNA 
expression in a dose-dependent manner, with 50 
ngiml producing a maximal 2.4-fold increase in 
VEGF mRNA expression compared with control, 
Peak VEGF mRNA expression occurred at 3 
hours and gradually declined to 1,5-fold at 24 
hours. 

rhPDGF-BB and hypoxia seemed to. have an 
additive effect, resulting in a 3.7-fold increase in 
VEGF mRNA expression after 6 hours compared 
with control. 

Using inhibitors of RNA transcription 
(actinomycin D) and protein translation 
(cycloheximide) demonstrated that rhPDGF-BB- 
induced VEGF mRNA expression was 
transcriptionally mediated and not dependent on 
de novo protein synthesis. VEGF mRNA stability 
was not affected by rh.PDGF-BB. 

The PDGF receptor (PDGFR) alpha gene is 
deleted in the Patch Mouse, which was studied. 

Conclusions 

This in vitro study demonstrated that 
rhPDGF-BB transcriptionally increases 
osteoblasts VEGF mRNA expression 
in vitro in a time- and dose-dependent 
fashion. Furthermore, rhPDGF-BB and 
hypoxia act additively through 
different pathways to increase VEGF 
mRNA expression. Similar 
mechanisms may occur in vivo, at a 
site of skeletal injury, to induce 
neoangiogenesis and promote fracture 
repair. 

This article outlined the various roles 
PDGF plays in wound healing as well 



P  

r  
R e fe r e n c e  N o . Title, A u th o r , a n d  Test A r ticle ( N o . C o n trol ( N o . o f Resul ts  Conc lus ions  

Synops is  o f P a tie n ts) P a tie n ts) 1  
h y p o theses” 
By : Dan ie l  F. B o w e n -  
p o p e , A n tje  v a n  K o p p e n , 
G ina  S c h a tte m a n  

Synopsis :  A fte r  
d iscuss ing th e  var ious  
a p p r o a c h e s  th a t h a v e  
a l ready  b e e n  u ti l ized to  
stu d y  th e  fu n c tio n  o f 
P D G F , th e  c o n s e q u e n c e s  
o f th e  d e l e tio n  o f a  P D G F  
r e c e p to r  g e n e  in  th e  P a tch  
m u ta n t m o u s e  was  
d iscussed.  T h e  e ffects o f 
th is  d e l e tio n  o n  th e  
e m b r y o  w e r e  assessed  in  
o r d e r  to  e luc idate  th e  
fu n c tio n  o f th e  P D G F  a  
r e c e p to r  d u r i n g  
d e v e l o p m e n t. 

1 1  “E v a l u a tio n  o f Fi l l ing 
M a ter ia ls  in  M e m b r a n e  
P r o tec ted  B o n e  D e fects: 
A  C o m p a r a tive  
H i s t o m o r p h o m e tric S tu d y  
in  th e  M a n d ib le  o f 
M in ia ture P igs” 
By : D . B u s e r , B . 
H o ffm a n n , J.P . B e r n a r d , 
A . Lussi ,  D , M e ttle r , a n d  
R .K . S c h e n k  

Synopsis :  This  stu d y  

s. P D G F R - a l p h a  is e  

P a tch  m o u s e  e m b r y o s  wh ich  lack th is 
d e v e l o p m e n t p r o c e e d s , lack o f P D G F R - a l p h a  r e c e p to r . T h e  resul ts ind icate th a t th is  
express ion  re ta rds  th e  pro l i ferat ion o f P D G F  r e c e p to r , a n d  th e r e fo r e  
m e s e n c h y m a l  cel ls th r o u g h o u t th e  e m b r y o . p r e s u m a b l e  P D G F , is crit ical in  th e  
M a n y  m e s o d e r m a l  der ivat ives th a t express  d e v e l o p m e n t o f m a n y  m e s o r d e r m a l  
P D G F - a l p h a  in  n o r m a l  e m b r y o s  a r e  poor ly  a n d  s o m e  ec toderma l  der ivat ives,  
d e v e l o p e d  in  P h /F’h  e m b r y o s . This  a c c o u n ts fo r  inc lud ing  th e  skeleton.  
th e  k ink ing o f th e  n e u r a l  tu b e  a t th is  sta g e . A b o u t 
two-th irds o f th e  e m b r y o s  d ie  a t th e  e n d  o f th is  
p e r i o d . 

E m b r y o s  th a t surv ive s h o w  a b n o r m a l i ties  in  
m e s e n c h y m a l  structures, inc lud ing  signif icant 
skeletal  a b n o r m a l i ties. O th e r  o r g a n  d e fects a r e  
s e e n  in  th o s e  o r g a n s  th a t d e p e n d  o n  a  n o n -  
n e u r o g e n i c  subse t o f n e u r a l  crest cells. H igh  
P D G F R - a l p h a  express ion  is d e tec ted  in  th e  lens  
o f th e  e y e  a n d  lens  d e v e Io p m e n t is a b n o r m a l  in  
P h /P h  e m b r y o s  P h /P h  e m b r y o s  a lso  h a v e  a  very 
poor ly  d e v e l o p e d  choro id  p lexus,  a n d  th u s  m a y  
n o t b e  a b l e  to  p r o d u c e  e n o u g h  cerebrosp ina l  flu id  
to  m a inta in a d e q u a te  int raventr icular  p ressure  

est os teoconduct ive  
g r o u p  s h o w e d  d i sp lacemen t o f al l  m iniscrews a n d  resul ts in  th e  ear ly  p h a s e  o f hea l i ng , p -  
s igns o f chron ic  infect ion in  th e  b o n e  (an ima l  T C P  s h o w e d  a  signif icantly h i g h e r  
w i thdrawn f rom analys is)  p e r c e n ta g e  o f b o n e  fill a t 2 4  weeks  
Q u a lita tive  Histologic O b servat ions:  p o s t-surgical,  exceed ing  resul ts 
- B l o o d  Clot  ( n e g a tive  c o n trol sites):  Initially, o b ta i n e d  with a u to g r a ft o r  a n y  o th e r  
b o n e  fo r m a tio n  in  m e m b r a n e - c o v e r e d  d e fects was  tes ted  b o n e  subst i tute m a terial .  
s e e n . M inera l izat ion fo l l owed  a n d  a fte r  1 2  
weeks,  al l  th e  d e fects w e r e  a lmos t c o m p l e tely Thus , a m o n g  th e  tes ted  b o n e  
fille d  with n e w  b o n e . T h e  or ig ina l  scaffold o f substi tutes, @ - T C P  h a d  th e  b e s t 
w o v e n  b o n e  was  recogn izab le  b u t was  re in forced os teoconduct ive  p r o p e r ties. 



Reference No. Title, Author, and 
Synopsis 

evaluated 4 different by layers of lamellar bone. The 3-fold increase in 
bone-filling materials and width of the trabeculae occurred at the expense of 
their potential in the marrow. After 24 weeks, remodeling became 
membrane-protected the dominant process and corticalization was 
defects with regard to achieved by continuous bone deposition that 
biocompatibility, narrowed the vascular spaces. Most of the 
osteoconductivity, trabecular surface was subjected to either 
degradability, and osteoclastic resorption or larnellar bone 
substitution. formation. 

l- 

Test Article (No. Control (No. of Results 
of Patients) Patients) 

-Autografts (positive control sites): Harvesting 
autograftq resulted in cortical bone chips of 
various shapes/sizes. At 4 weeks, chips were 
evenly distributed within the defect area. At 12 
weeks, it was noted that lamellar bone deposition 
had continued through the 2”d and 3rd month. At 
24 weeks, ongoing remodeling activity resulted in 
a relative increase of the lamellar bone 
compartment at the expense of woven bone, but 
the grafted, non-vital remnants persisted. 
+TCP: At 4 weeks, bone formation exhibited an 
inconsistent pattern where bony ingrowth 
alternated with ceramic particles embedded in 
fibrous tissue only. At 12 weeks, bone had filled 
in all of the defects resulting in homogenous 
osseous structure. At 24 weeks, extensive bone 
remodeling became obvious. Cement lines, 
secondary osteons, and lamellar packets were 
frequently found within and on the surface of the 
trabeculae of cancellous bone. Some of the 
particle surface underwent resorption by 
osteoclast like giant cells. 
-Coliagen Sponge: Had same healing pattern as 
negative control sites. After 4 weeks, no 
remnants of the collagen sponge could be 
detected and the central area showed a large 
portion of granulation tissue invaded by bone 
trabeculae, which consisted partially of osteoid. 
-Allografts: At 4 weeks, bone formation started 
and the central area beneath the membrane had 

Conclusions 



material and represents a mixture of recalcified 
DFDBA, woven bone, and lamellar bone 
deposits. At 24 weeks density and overall 
structure of the bony regenerate in this group 

-Coral-derived HA: At 4 weeks, coral-derived 
HA granules were evenly dispersed in the defect 
sites and were invaded by dense fibrous tissue 
and bony trabeculae. At 12 weeks, the coralline 
substrate appeared unchanged, but bony filling of 
its pores had become much denser. The overall 
remodeling activity was low. At 24 weeks, the 
composite of coralline filler and bony regenerate 
was virtually the same, but bone structure had 

in the Mandible of withdrawn from analysis) osteoconductive properties, 
Qualitative Histologic Observations: 
-Blood Clot (negative control sites): Initially, The results of this study show that 
bone formation in membrane-covered defects was while sites filled with autograft 

A. Lussi, D. Mettler, and seen. Mineralization followed and after 12 demonstrated the best osteoconductive 
weeks, all the defects were almost completely results in the early phase of healing, /3- 
tilled with new bone. The original scaffold of TCP showed a significantly higher 

Synopsis: This study 
evaluated 4 different 

tested bone substitute material. 



-Autografts (positive control sites): Harvesting 
autografts resulted in cortical bone chips of 
various shapes/sizes. At 4 weeks, chips were 
evenly distributed within the defect area. At 12 
weeks, it was noted that lamellar bone deposition 
had continued through the Znd and 3’* month, At 
24 weeks, ongoing remodeling activity resulted in 
a relative increase of the lamellar bone 
compartment at the expense of woven bone, but 
the grafted, non-vital remnants persisted. 
-P-TCP: At 4 weeks, bone formation exhibited an 
inconsistent.pattem where bony ingrowth 
alternated with ceramic particles embedded in 
fibrous tissue only. At 12 weeks, bone had filled 
in all of the defects resulting in homogenous 
osseous structure. At 24 weeks, extensive bone 
remodeling became obvious. Cement lines, 
secondary osteons, and lamellar packets were 
frequently found within and on the surface of the 
trabeculae of cancellous bone. Some of the 
particle surface underwent resorption by 
osteoclast like giant cells. 
-Collagen Sponge: Had same healing pattern as 
negative control sites. After 4 weeks, no 
remnants of the collagen sponge could be 
detected and the central area showed a large 
portion of granulation tissue invaded by bone 
trabeculae, which consisted partially of osteoid. 
Allografis: At 4 weeks, bone formation started 
and the central area beneath the membrane had 
only DFDBA particles embedded in granulation 
tissue. At 12 weeks, bone formation spread over 



Reference No. Title, Author, and Test Article (No. 
Synopsis of Patients) 

13 

14 

Camelo M. Advances in 
periodontal regeneration 
procedures. American 
Academy of 
Periodontology annual 
meeting, September 200 1, 
“Clinical, radiolographic 
and histologic evaluation 
of rhPDGF-BB in a 
osteoconductive bone 
matrix for the treatment of 
advanced osseous 
periodontal defects in 
humans” 
By: M. Camelo 

~ rhPDGF-BB in 
three amounts 
0.5 mg/ml, 1 .O 
mg/ml and 5.0 
mg/ml; 9 
patients- 11 
osseous defects. 

Control (No. of 
Patients) 

Historical 
controls 

Results 

included a considerable amount of grafted 
material and represents a mixture of recalcified 
DFDBA, woven bone, and lamellar bone 
deposits. At 24 weeks density and overall 
structure of the bony regenerate in this group 
closely resembled specimens examined at 12 
weeks. 
-Coral-derived HA: At 4 weeks, coral-derived 
HA granules were evenly dispersed in the defect 
sites and were invaded by dense fibrous tissue 
and bony trabeculae. At 12 weeks, the coralline 
substrate appeared unchanged, but bony filling of 
its pores had become much denser. The overall 
remodeling activity was low. At 24 weeks, the 
composite of coralline filler and bony regenerate 
was virtually the same, but bone structure had 
matured. 

This study was designed to evaluate the safety 
and preliminary effectiveness of rhPDGF-BB 
administered in a bone matrix to periodontal 
osseous defects, including both mandibular molar 
Class II furcation defects and interproximal 
intrabony defects. There were no safety issues 
associated with use of rhPDGF-BB administered 
in a bone matrix. Efficacy data demonstrated a 
favorable outcome clinically, radiographically 
and histologically following application of the 
rhPDGF-BB product. Clinical measurements of 
pocket depth (PD) and clinical attachment level 
(CAL) were significantly improved. 

Comparison to a meta analysis of sixteen 
previous bone grafting clinical trials, suggested 

Conclusions 

This human clinical trial indicates that 
rhPDGF-BB in a osteoconductive bone 
matrix for the filling of bone voids 
around teeth is safe.. Further, the 
results suggest that better clinical, 
radiographic and histologic results, i.e. 
bone and periodontal regeneration, can 
be achieved with this device than has 
heretofore been possible. 



Reference No, 

15 

16 

Title, Author, and Test Article (No. 
synopsis of Patients) 

matrix for treatment of 
osseous periodontal 
defects. 

“Periodontal 
Regeneration can be 
Achieved in Human Class 
II Furcations using 
Purified Recombinant 
Human Platelet-Derived 
Growth Factor BB 
(rhPDGF-BB) with Bone 
Allograph” 

By: M. Camelo, Marc 
Nevins, R. Schenk and S. 
Lynch, M. Nevins 

2003 J Periodonto 

Synopsis: The objective 
of this human trial was to 
evaluate the safety and 
effectiveness of rhPDGF- 
BB in an osteoconductive 
matrix for treatment of 
osseous periodontal 
defects. 

“Evaluation of a 
Biodegradable Ceramic” 
By: H.U. Cameron, I 
MacNab, R.M. Pillar, 

12 beagle dogs; 
for toxicity 
testing blocks of 
the material were 

Control (No. of 
Patients) 

N/A 

Results 

that rhPDGF-BB may lead to improved clinical 
outcomes compared to existing therapies. 
Radiographic analysis suggested bone fill in the 
defects and no abnormal changes in bone 
architecture or root configuration Histologic 
analysis showed remarkable regeneration of bone, 
periodontal ligament and cementurn in both 
furcation defects and interproximal angular 
defects, especially in the 1 .O mg/mL group. 
This study was designed to evaluate the safety 
and preliminary effectiveness of rhPDGF-BB 
administered in a bone matrix to periodontal 
osseous defects, including both mandibular molar 
Class II furcation defects and interproximal 
intrabony defects, There were no safety issues 
associated with use of rhPDGF-BB administered 
in a bone matrix. Efficacy data demonstrated a 
favorable outcome clinically, radiographically 
and histologically following application of the 
rhPDGF-BB product. Clinical measurements of 
pocket depth (PD) and clinical attachment level 
(CAL) were significantly improved. 

Comparison to a meta analysis of sixteen 
previous bone grafting clinical trials, suggested 
that rhPDGF-BB may lead to improved cliniGa1 
outcomes compared to existing therapies. 
Radiographic analysis suggested bone fill in the 
defects and no abnormal changes in bone 
architecture or root configuration. Histologic 
analysis showed remarkable regeneration of 
bone, periodontal ligament and cementum in both 
fur-cation defects and inter-proximal angular 
defects, especially in the 1 .O mg/mL group. 

Conclusions 

-Toxicity Testing: The local tissue reaction was 
benign and the implant was surrounded by and 
infiltrated with fibrous tissue, Rarely were 
foreign-body giant cells present, however no 

Tricalcium phosphate does not 
produce any untoward tissue or 
systemic reaction and is thus safe for 
clinical use. The material also has 



Reference No 

17 ‘Platelet-Derived Growth 
“actor-Modulated Guided 
&sue Regenerative 
rherap y” 
3y: Moon-II Cho, Wen- 
Lang Lin, Robert 5, 
Senco 

: synopsis: The goal of the 
s ;mdy was to develop an 
e :ffective regenerative 
t herapy to achieve 
r periodontal regeneration 
( 3f class III furcation 
, defects. Lesions were 
1 Trotected by a barrier 
1 membrane to prevent cell 

Title, Author, and Test Article (No. Control (No. of 
Synopsis of Patients) Patients) 

Synopsis: This study 
evaluates the porous 
biodegradable ceramic 
tricalcium phosphate 
(TCP) and reports on its 
effects regarding bone 
ingrowth. The material 
was implanted in beagle 
dogs and examined after 
sacrifice using 
radiography. 

inserted 
subcutaneously 
and 
intramuscularly 
in each dog. 
Serum calcium 
and phosphate 
levels were 
monitored; for 
bone ingrowth 
studies, TCP 
cores were 
implanted into 
surgically 
created defects in 
the metaphyses 
of the femur in 
12 dogs. 

Beagle Dogs 

Results Conclusions 

inflammatory cells were noted. 
-Bone Ingrowth: The reaction to the ceramic was 
benign. Where absorption of the ceramic was 
taking place, a layer of osteoblasts surrounded the 
bony-trabeculae, while fibroblasts and giant cells 
were found in the ceramic trabeculae, After 4 
months, much resorption had occurred, but at the 
same time considerable amounts of ceramic were 
still present. If the implant was placed outside 
the periosteum or placed subperiosteally and 
loosely held in place, no bone ingrowth occurred. 
If smooth cortical bone was roughened, the 
tendency for ingrowth was increased. When the 
ceramic was firmly fixed to smooth cortical bone, 
ingrowth was not marked, but when fumly fixed 
to raw bleeding bone, ingrowth occurred in each 
case. 

-Early Stages of Periodontal Repair: Furcation 
defect areas were primary filled with granulation 
tissue comprised of numerous infiltrated 
inflammatory cells and blood vessels. Thin 
fibrous connective tissue formed on the root 
surface and bone. In the periodontal ligament 
(PDL} and root surface, labeled Ebroblasts were 
in the coronal position. With time, the flbroblasts 
continued to form connective tissue on the root 
surface and bone (which replaced inflamed 
tissue). 
-Effects of Growth Factors on PDL Fibroblastic 
Cells: PDGF had strong chemotaxis and 
proliferation effects and moderate collagen 
synthesis effects. EGF had slight chemotaxis and 
proliferation effects and inhibitory collagen 
synthesis and differentiation effects. TGF-B had 

some useful structural properties, but 
appears of greatest value as a bone 
graft supplement or substitute. 

PDGF-Modulated GTR therapy 
successfully and reproducibly 
promoted full periodontal regeneration 
more rapidly and effectively than GTR 
therapy, and without ankylosis. In 
short, PDGF-BB modulated GTR 
therapy maybe capable of promoting 
periodontal regeneration of-Class III 
furcation defects. 



Title, Author, and 
Synopsis 

migration, PDGF-BB was 
used to promote migration 
of fibroblasts and their 
proliferation on root 
surfaces, and 
demineralized root 
surface was chosen as the 
area for PDGF-BB 
application, 

Analytical Technique for 
juantifying the 
:esorption of Calcium 
‘hosphate Bone Void 
‘illers using Polarized- 

Test Article (No. 
of Patients) 

Vitoss P-TCP; 
Large mongrel 
logs 

Control (No. of 
Patients) T 

N/A 

Results 

no chemotaxis or differentiation effects, 
inhibitory proliferation effects, and moderate 
collagen synthesis effects. IGF-I had strong 
chemotaxis, proliferation and differentiation 
effects but no collagen synthesis effects, PDGF + 
IGF-I had the strongest chemotaxis and 
proliferation effects, but undetermined collagen 
synthesis and differentiation effects. 
-Use of demineralized root surface as the primary 
site for PDGF-BB Application: The number of 
silver grains representing I-EGF declined over 
time, but a considerable amount were still present 
at 8 days when compared to the first day of 
application, 
-PDGF-BB Modulated Regenerative Therapy: 
After 5 weeks of therapy, lesions were free of 
inflamed tissue/epitheIium and completely filled 
with new connective tissue/bone, PDGF-BB 
modulated therapy did reveal ankylosis in all 
samples, After 8 weeks, lesions were full with 
varying amounts of bone, but ankylosis was 
noted. 
-PDGF-BB Modulated Guided Tissue 
Regenerative Therapy: Five weeks after 
reconstructive surgery, no significant difference 
in fur-cation defect repair was noted. As healing 
progressed, alveolar bone, fibrous connective 
tissue, and PDL replaced the areas. At 8 weeks, 
the lesions showednearly complete regeneration 
with new bone and PDL formation. No 
significant root resorption or ankylosis was 
observed 

Conclusions 

c 
The P-TCP implant was visualized as pale pink This study suggests that the 
on bright field microscopy. The H&E slides resorption characteristics of a P-TCP 
viewed with polarized light easily differentiated bone void filler can be more accurately 
the implant from the bone. Three operators measured with this validated technique 
analyzed two separate images of bone and Vitoss as opposed to staining alone. This 



Reference No. Title, Author, and Test Article (No. 
Synopsis of Patients) 

light Microscopy” 
By: T.D. Clineff, G.M. 
Gualtieri, J.G. Marx, and 
EM. Erbe 

Synopsis: In this study an 
analytical technique was 
developed to quantify the 
resorption of a P-TCP 
bone void filler. The 
technique used a light 
microscope with a 
polarized filter, a digital 
camera, and image 
analysis software. 

19 I “Surface Contour 
Analysis of Tibia1 
Plateaus with 
Subchondral Bone 
Defects Supplemented 
with Autograft or 
Tricalcium Phosphate in a 
Cap&e Model” 
By: A.R. Cross, E.J. 

. Eschbach, D,D. Lewis, 
and D.L. Wheeler 

Synopsis: This study 
evaluated the ability of p- 
TCP or autogenous graft 
materials to maintain joint 
surface morphology when 
used to supplement a 
massive subchondral bone 
defect in a caprine model. 

20 1 “Differential Effect of 

@TCP; 16 adult 
goats 

Cells from 

Control (No. of 
Patients) 

Autograft 

Results 

with 8 repetitions. The results of the study 
indicated that there were no significant 
differences between operators and that the 
quantification methods used were valid. An 
operator, blinded to explant time, quantified the 
amount of Vitoss at several explant times. This 
showed clear discrimination between time 
periods, further validating the technique. 

One goat in the autogenous bone graft group died 
prematurely due to a pulmonary ailment, 
unrelated to surgery. Gross examination of the 
articular surface of the harvested experimental 
tibiae showed that 6 out of 7 in the autogenous 
graft group and 0 out of 8 in the TCP grcup had 
degenerative changes. Two of 7 goats in the 
autogenous graft group had large-scale collapse 
of the caudal tibia1 plateau, Mean and maximum 
surface deviations were much greater for the 
autogenous group than the TCP group. 

i___ -Effect of Growth Factors on PDL cells: No 

Conclusions 

study confirmed that Vitoss is well 
tolerated and an effective scaffold for 
osseous tissue repair. 

!3-TCP maintained normal articular 
surface morphology better than 
autogenous cancellous bone graft. 
Joint surface incongruity resulting 
from the greater surface deviation in 
the autogenous bone graft group may 
explain the higher incidence of 
degenerative change seen in this group. 
These results indicate that P-TCP may 
be a useful alternative grafting material 
in the repair of tibia1 plateau fractures. 

TGF-B 1, although producing a mild 



Reference No, Title, Author, and Test Article (No. 
Synopsis of Patients) 

I 

] TGF-B 1 and PDGF on 
Proliferation of 
Periodontal Ligament 
Cells and Gingival 
Fibroblasts” 
By: David K. Dennison, 
Dominic R. Vallone, 
Gerald J. Pinero, Barry 
Rittman, and Raul G. 
Caffesse 

Synopsis: Gingival 
fibroblastic cells and cells 
from the periodontal 
ligament (PDL) were 
studied to compare the 
effects of supplemental 
addition of TGF-B 1 and 
PDGF on proliferation. 
Thymidine incorporation 
in cultures was measured 
after 24,48 and 72 hours 
to determine 
relationships. 

healthy donors 
(human gingival 
fibroblasts from 
biopsy sites, 
periodontal 
ligament 
fibroblasts from 
tissue cultured 
from middle 113 
of the root of 
premolars 
extracted for 
orthodontic 
reasons or from 
impacted third 
molars), 

Control (No. of 
Patients) 

unspecified 
number 

Results 

significant effects after 24 hours of culture. After 
48 hours, all factors were found to be 
significantly different from control by Scheffe’s 
comparison, Addition of TGF-B UPDGF elicited 
the greatest response (3 18% of the control) while 
TGF-B 1 resulted in 260% and PDGF in 2 15% of 
the control response. After 72 ours, TGF- 
Bl/PDG showed the greatest response, 571% of 
the control. TGF-B 1 alone produced a response 
388% of the control. The PDGF response was 
144% of the control, 
-Effect of Growth Factors on Gingival 
Fibroblasts: After 24 hours, PDGF showed the 
greatest response at 190% of t&control values. 
Cultures with TGF-B UPDGF showed 175% 
response of the control and TGF-B 1 showed 
133% response of the control value, but 
insignificant, After 48 hours, PDGF showed a 
17 1% response when compared to the control and 
TGF-B i iPDGF resulted in 164% response of the 
control. TGF-B 1 resulted in 113% response of 
the control. After 72 hours, PDGF resulted in a 
response that was 162% of the control, TGF- 
B l/PDGf showed a response that was 150% of 
the control, and TGF-B 1 showed a response 
126% of the control. 
-Comparison of Gingival Fibroblasts to 
Periodontal Ligament Cells: TGF-B 1 increased 
marker incorporation more in PDL cells than in 
gingival fibroblasts. The difference wasn’t 
significant at 24 hours, but at 48 hours PDL cells 
incorporated 57% more marker and at 72 hours 
PDL cells incorporated 162% more marker. 
PDGF had a minimal effect on both cells, except 
at 72 hours when marker incorporation was 
greater for gingival fibroblasts than PDL cells, 
TGF-B UPDGF increased PDL cell marker 
incorporation more than it did in gingival 
fibroblasts. At 24 hours there was no significant 

Conclusions 

increase in proliferation, is a poor 
stimulator of gingival fibroblasts. 
TGF-B I stimulates proliferation of 
PDL cells, and the proliferative 
response of PDL cells to PDGF is 
enhanced by TGF-B 1, In short, there is 
a positive preferential mitogenic effect 
of TGF-B I on PDL cells versus 
gingival fibroblasts. 



Reference No. Title, Author, and Test Article (No. Control (No. of 
Synopsis of Patients) Patients) 

21 “A New Resorbable Bone 
Void Filler - VitossTM 
Scaffold” 
By: David H. Dychala, 
Jeffrey G. Marx, Erik M. 
Erbe 

Synopsis: In an attempt to 
address some of the 
shortcomings of currently 
available synthetic bone 
substitutes, a novel 
resorbable bone void filler 
was developed. 

22 “Porous Hydroxyapatite 
and Tricaicium Phosphate 
cylinders with Two 
Different Pore Size 

Calcium 
phosphate 
materials 
prepared by a 
novel process 

/3-TCP large 
poresf P-TCP; 
small pores; 15 
New Zealand 

N/A 

Results Conclusions 

difference between the cells, at 48 hours PDL cell 
incorporation of thymidine marker was 3.5 % 
greater than gingival fibroblasts, and at 72 hours, 
PDL cell incorporation of thymidine was 227% 
greater than gingival fibrobiasts. 

The materials studied were calcium phosphates 
prepared from aqueous solutions of salts and 
inorganic acids that are processed thermally 
(sintered) in the range of 800 “.C to 1250 * C. 
The materials were characterized using X-ray 
diffraction (XRD), surface area (BET), scamiing 
electron microscopy (SEM), and mercury 
porosimetry techniques. 
-Scanning Electron Micrograph analysis indicated 
the presence of multi-modal pore size distribution 
in the thermally treated calcium phosphate 
scaffolds. The material’s macroscopic porosity is 
up to 1 OOOpm. This is a biologically relevant size 
for bone ingrowth. The material also exhibits 
interconnected meso- and micro-porosity that will 
allow for fluid communication, 
-X-Ray Diffraction pattern analyses of the 
thermally treated calcium phosphate materials 
reveal that the primary crystal phase is p-tri 
Calcium Phosphate (TCP). The particle size was 
determined to be 74 run and 102 nm for 800°C 
and 1 IOO’C sintered materials, 
-BET analyses of the fired materials indicates 
specific surface areas 3.23-.4 lm2/g for sintermg 
temperatures 8OO”C-1250°C. 
-Mercury porosimetry indicates the smallest pore 
diameters were .03 and I pm in 800°C and 
1100°C fired materials. 

HA large 
pore/HA small 
pore 

-Tricalcium Phosphate: After 2 weeks, the 
volume density of bone in the total implant area 
was 18.1% in the TCPS (TCP small pores) 
compared to 7.1% in the TCPL (larger pores) 

The P-TCP materials investigated 
display favorable physiochemical 
characteristics for bone void filling and 
osteoconduction. The synthesis 
method gives enough room for control 
of properties since factors like 
sintering temperature are variables 
available for tailoring the physical 
properties of the scaffold material. 

The results of this study confirm 
that P-TCP is biocompatible and highly 
osteoconductive, performing far 
superior to HA. Additionally there is 



I Reference No. 1 Title, Author, and 

Cancellous Bone of 
Rabbits” 
By: P.S. Eggli, W. 
Muller, and R.K. Schenk 

Synopsis: The purpose of 
this study was to evaluate 
the histophysiology of 
implant degradation by 
implanting TCP and HA 
cylinders in the 
cancellous bone of the 
distal femur and proximal 
tibia of rabbits. 

~ Test Article (No. Control (No. of 
of Patients) Patients) 

White Rabbits ceramic. The microscopically determined 
volume density of the proper implant material 
was 49.7% for TCPS and 49.3% for TCPL, After 
2 weeks this reduced to 38% for TCPS but only 
46.5% for TCPL. As seen by microradiographs, 
the outermost pores of the TCPL were partially 
filled with bone while bone formation within the 
TCPS cylinders spread through a greater depth. 
After 4 weeks, the bone volume densities reached 
16.7% in TCPL and 40.9% in TCPS. There were 
still some open pores in the TCPL cylinder, but in 
the TCPS areas no empty pores were left. 
Resorption of TCPL was restricted to the 
peripheral zone while degradation of TCPS 
proceeded homogenously through the entire 
implant, In addition to osteocfast like cells lining 
the walls of the pores, macrophages filled with 
granular material were found within the pores. 
They only gave a weak reaction to acid 
phosphatase. Substitution of the implant by bone 
was still occurring at 4 months, The ceramic 
volume density was now 21% in TCPL and 
14.5% in TCPS. Bone volume was increasing in 
TCPL but was less than it had been at 4 weeks for 
TCPS. The number of osteoclast like cells 
declined, but the clusters of cells with granular 
material were about 2 mm thick. In the last stage 
of the study, the implants were not completely 
substituted. -At 6 months, less than l/6 of the 
originally implanted TCPS persisted while 113 of 
the TCPL was present. 
-Hydroxyapatite: At 6 months the HAPL was 
observed when implant resorption was only 5.4%. 
Tissue had penetrated the whole depth of the 
cylinders but some pores still remained 
unopened. The total amount of bone formed was 
the smallest found in all test implants and 
declined- considerably from the surface toward the 
center. The HAPS was studied after 4 months 

Results ----=-I 
evidence for osteoclast-like cell 
resorption of the P-TCP, Finally, 
smaller pore size of the @TCP seems 
to result in more rapid bone ingrowth 
compared to the larger pore size. 



and TCPS while the density was much higher 
than HAPL. No resorption was seen. 
-Structure of Implant Material: TCPL, TCPS, and 
HAPS all showed a regular pore distribution with 
a homogenous diameter. All specimens showed 
surface irregularities (microporosity) because of 

and Pro Osteon SOOR in a the Vitoss implants compared to the control that while both Vi 
Canine Model at 1 Year” 
By: E. Erbe, T. Clineff, 
M. Lavagino, L. Dejardin, periods compared to the control. The percent of metaphyseal bone, Vitoss 

bone in the center of the defect was similar to demonstrated accelerated ingrowth of 
adjacent bone by 12 weeks in the Vitoss treated new bone and implant resorption 

Synopsis: Blocks of specimens. The Vitoss had resorbed 82% by 12 
Vitoss (&TCP) and 

compared to Pro Osteon 500R. 
weeks and 90% by 1 year. Indications of cell- 

morsels of Pro Osteon mediated phagocytosis of Vitoss were present as 
500R (HA coated calcium early as 3 weeks. At 1 year, Vitoss had 85% 
carbonate) were evaluated more bone in the defect than Pro Osteon 500 R. 
for a year in a canine 
model. The purpose of 

material would facilitate 
faster ingrowth of new 
bone and resorb faster 
than the other material 

gross or microscopic evidence of inflammation. that the Vitoss calcium phosphate bone 
cancellous bone Radiographs demonstrated a progressive void filler supports bone ingrowth. 

Scaffold) used for ingrowth and remodeling of the new bone over a The resorption of the scaffold appears 
By: E.M. Erbe, L.M. comparison) 24-week period. Histological and BSE images to permit normal cancellous 
Dejardin, S.P. Arnoczlcy, showed excellent infiltration of new bone in the remodeling by 12 weeks, 
D.H. Dychala, T.D. scaffold with mature lamellar bone being evident 
Clineff, and GM. at 6 weeks. Resorption of the scaffold was 



Title, Author, and 
Synopsis 

Test Article (No. Control (No. of Results Conclusions 
of Patients) Patients) 

------I 

I Gualtieri 

Synopsis: The efficacy of 
Vitoss Scaffold as a bone 
void filler is evaluated in 
this in vivo study that 
assesses bone ingrowth 
and scaffold resorption in 
a canine cancellous bone 
model. 

“Potential of an 
Ultraporous Beta- 
Tricalcium Phosphate 
Synthetic Cancellous 
Bone Void Filler and 
Bone Marrow Aspirate 
Composite Graft” 
By: E.M. Erbe, J.G. Marx, 
T.D. Clineff, and L.D. 
Bellincampi 

Synopsis: This study 
assesses the efficacy of . 

Other studies on canines showed that femoral 
defects with implanted calcium phosphate 

Vitoss as bone void filler cylinders with cultured autologous mesenchymal 
in canines by quantifying stem cells increased the development of new 
bone ingrowth and periosteal bone around the implants, This study 
scaffold resorption. It and previous studies indicate that BMA cells 
then assesses the ability of absorbed into an appropriate scaffold, {like the 
the VitosstBMA new ultraporous p-TCP construct) may remain 
composite to act as a bone viable and make such a composite a true synthetic 
graft substitute. replacement for autogenous cancellous bone. 

26 “Use of a Synthetic 
Cancellous Bone Void 
Filler in Bony Defects” 
By: E,M. Erbe, J.G. 
Marx, and T.D. Clineff 

All the implants were well tolerated with no 
inflammation. The high resolution radiographs 
saw progressive ingrowth and remodeling of the 
new bone over the 52 week period. Resorption of 
the scaffold was seen by 6 weeks, and at 1 vear 

1 less than 2% of the defect site was filled with 

Vitoss p-TCP; 
canines 

N/A 

notable by 6 weeks while histomorphometric 
measurements showed a significant remodeling 
of the new cancellous bone by 12 weeks. 
Trabecular density was similar to the cancellous 
bone density at 12 weeks, 

In a study to assess the efficacy of Vitoss, at 3 
weeks Vitoss showed resorption throughout the 
defect site and immature bone formation as well. 
Remodeling was complete within 6 to 12 weeks, 
with bone density in the normal range and the 
scaffold nearly all resorbed. By 24 weeks, the 
implant trabecular orientation approximated the 
normal stress patterns of adjacent bone. At 12, 
24, and 52 week follow ups the bone within the 
defects was indistinguishable from the 
surrounding bone, 

The results of this study suggest 
that Vitoss is a logical delivery vehicle 
for BMA-derived osteoinductive 
growth factors and osteogenic 
precursor cells. 

The results of this study indicate 
that Vitoss (P-TCP) supports 
osteoconductive bone ingrowth. The 
scaffold resorbs with time and permits 
normal cancellous bone remodeling by 
12 weeks. Also, a Vitoss with bone 



Reference No. Title, Author, and 
Synopsis 

1 
1 Synopsis: In vivo studies 

were performed in order 
to evaluate bone ingrowth 
and Vitoss resorption both 
in a canine metaphyseal 
surgical defect and an 
athymic rat model. 

27 “Experimental Evaluation 
of Ceramic Calcium 
Phosphate as a Substitute 
for Bone Grafts” 
By: James W, Ferraro, 
M.D. 

Synopsis: The paper 
reports on preliminary 
studies using Synthos, a 
resorbable bioceramic 
material that is a single 
phase p-tricalcium 
phosphate. 

P-TCP; 12 dogs 

Control (No. of 
Patients) 

Used in study to 
confii that the 
dogs could not 
repair their own 
defects, but 
number 
unspecified 

Results Conclusions 

Vitoss. Histological images revealed. excellent marrow aspirate graft provides an 
infiltration of new bone into the scaffold with osteoinductive and osteogenic response 
mature lameilar bone evident at 6 weeks. The in the Urist rat model, over and above 
area of the bone in the middle of the implant was the Vitoss alone.. 
not much different from the native adjacent 
cancellous bone at 12 weeks. At all intervals (12, 
24, and 52 weeks), the bone volume at the center 
was measured to be in the normal cancellous 
bone range. 

In the rat model, Vitoss with bone marrow 
aspirate @MA) showed bone formation through a 
primary path, without any cartilage step. 

insterstices rapidly filled with clotted blood. 
After 3 months (postoperative} peripheral 
trabecuiar bone had replaced the TCP prosthesis 
in a concentric manner. In the gross autopsy, a 
progressive indistinctness at the bone prosthesis 
interface and iight adherence of the prosthesis to 
the adjacent bony structure was seen. 

be placed into a defect to act as a 
bridge across a bony gap. As the 
adjacent tissue proliferates and grows 
within the interstices of the tricalcium 
phosphate block, the synthetic matrix 

Histological appearance indicates that 
ingestion by foreign body giant ceils played a 
role, though passive dissolution of the material 
can occur. Bone spicules were seen first near the 
bone-prosthesis interface, possibly from rapid 
calcification of dense connective tissue with 
varied amounts of osteoid formation. The 
lacunae of the spicules showed TCP particles. 

Examination of the dogs one year later showed 
a total growth of bone across the prosthesis. 
Some TCP was found in these specimens as 
islands with areas of loose, cellular, dense 
connective tissue suggesting incomplete 
replacement by bone. 



the ingrowth is disturbed and a much slower 
replacement OCGU~S or no ingrowth occurs at all. 

F----- “BtiP-2, BMP-4, and 
PDGF-BB stimulate 
chemotactic migration of 
primary human 
mesenchymal progenitor 
cells” 

By: J. Fiedler, G. Roderer, 
K&P. Gunther, and R.E. 
B renner 

2002 J Ceiluiar 
Biochemistry 

Synopses: This in vitro 
study examines the 
chemotactic effects of 
recombinant human 
platelet derived growth 
factor BB isoform 
(rhPDGF-BB) and other 
growth factors on primary 
human mesenchymal 
progenitor ceils (MPC) 
compared with in vitro 
differentiated MPCs, and 
mature osteoblasts. 

from human 
! bone marrow; 

MPCS 
differentiated in 
vitro; and 
osteoblasts 
harvested from 
cancellous bone 
fragments from 
hip/knee 
replacements (8 
subjects) 

Chemotaxis filter 
separated upper 
wells containing 
cells from lower 
wells with 
growth factor 
dilutions (0.00 1 
to 1 .O rig/ml 
each) of DMEM 
medium, 

Chemotaxis 
filter separated 
upper wells 
containing cells 
from lower 
wells with 
DMEM 
medium only 
(control). 

Conditioned 
medium of 
human fetal 
osteoblasts 
(positive 
control) 

Xenopus laevis (rxBMP-4) induced migration of 
primary human MPCs, but to a different degree 

! and with different dose-response curve 

For primary MPCs, the increase in chemotactic 
index (Cf) (ratio of average number of migrated 
cells in stimulated versus control wells) was up to 
3.5fold for rhBMP-2,3.6-fold for rxBMP-4, and 
up to 2%fold for rhPDGF-BB compared to 
control, whereas recombinant human 
transforming growth factor beta 1 (rhTGF-0 1) 
and basic fibroblast growth factor (rhbFGF) did 
not stimulate MPC migration in the concentration 
range tested. rhPDGF-BB stimulated migration in 
a dose-dependent manner with a maximal CI 
(22.4 zb4) at 1 ng/mL, and -5 at 0,001 and 0.01 
m&L. A potent migratory effect was seen with 
the conditioned medium that served as positive 
control. 

In contrast to primary MPCs, differentiated 
MPCs behaved similar to mature human 
osteoblasts in chemotactic response. rhPDGF-BB, 
rhBMP-2, and rhTGF-P 1 stimulated migration 
from 2.2 to 2.4-fold each, while IxBMP-4 and 
rhbFGF reached only a CI of 1.7- 1.6, Thus, in 
vitro differentiation of MPCs changed the 
responsiveness to growth factors towards that of 
orimarv osteoblasts. 

This in vitro study showed that the 
chemotactic response depends on the 
growth factor and differentiation status 
of the cells. There is a positive 
chemotactic response of MPCs to 
rhBMP-2, rxBMP-4, and rhPDGF-BB, 
but a lack of directed migratory effect 
of rhTGF-j3 I and rhbFGF. In vitro 
differentiation of MPCs to osteoblast- 
like ceils leads to loss of response to 
rxBMP-4 and rhPDGF-BB. 

The effect of rh.BMP-2, rxBMP-4, and 
rhPDGF-BB as chemoattractive 
growth factors for primary human 
MPCs suggests a functional role for 
recruitment of MPCs during bone 
development and remodehng, as well 
as fracture healing. MPCs are targets 
for rhPDGF-BB and some other 
chemoattractive growth factors. 
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i 29 “Human Intraosseous 
Healing Responses to the 
Placement of Tricalcium 
Phosphate Ceramic 
Implants” 
By: S. Froum and S.S. 
Stahl 

Synopsis: To study 
human intraosseous 
healing responses o 
tricalcium phosphate 
ceramic implants over the 
extended period of 18 
months after graft 
placement using clinical 
and histologic parameters 
for evaluation. 

30 “Expression of platelet- 
derived growth factor 
proteins and their receptor 
alpha and beta mRNAs 
during fracture healing in 
the normal mouse” 
By: H. Fujii, R. Kitazawa, 
S. Maeda, K. Mizuno, S. 

5 periodontal 
lesions in I 
female patient 

Checkerboard analysis indicated that cell 
migration seen in response to growth factors was 
due to true chemotaxis, not chemokinesis. 

-Clinical Observation: Pocket death at the 5 sites 
changed from 8513.2 mm preoperatively to 4.3- 
7.2 mm postoperatively. Gingival recession was 
present at all sites that ranged from 1.9-3.0 mm. 
Clinical gain in closure ranged from 1.7-3.0 mm. 
-Histologic Observations: In the five sites 
studied, the gingival margin had receded apical to 
the marginal notch. Closure was by adhesion of 
the junctional epithelium to the level of the most 
coronal fiberlcementum insertion sites. 
Inff ammation at ‘the pocket sites varied from 
minimal to severe, but did not appear to be 
related to the presence or absence of graft 
particles. The specimens showed no evidence of 
osteogenesis at particle seams and the alveolar 
crest was remodeling. Cemento-dentociastic 
activity was seen at the root surface, the resorbing 
site showed odontoclasts, and the connective 
tissue at this site was highly cellular. Fibrils 
appeared to project from the dentin border. Areas 
of surface root resorption were seen at the level 
of the junctional epithelium. Apical to this 
adhesion, cementogenesis occurred at the 
resorption site. 

Histologic evaluation of the TCP 
implants showed limited presence of 
graft particles. It did not induce 
inflammation, nor did it appear to 
enhance osteogenesis or 
cementogenesis. Closure of lesions 
was done by junctional epithelium 
adhesions and some new connective 
tissue formaTion (root attachment). 
[These findings suggest that adjunction 
of TCP may be necessary to achieve 
the optimum environment for bone 
regeneration.] 

12 week old 
mice 

1 

N/A Closed fractures were made in the proximal tibiae These data suggest that PDGF 
of adult mice. On days 2,4,7,10,14,21 and 28 contributes to the promotion of the 
after fracture the bones were excised and chondrogeninc and osteogenic phases 
examined using immunohistochemistry and in from early through late stages of 
situ hybridization. fracture healing. 
-Days 2-4: Mesenchymal cells gathering at the 

fracture site expressed PDGF-BB and p receptor 
I 1 mRNA. I 
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--1 
Ki tazawa -Day 7: PDGF A and B chains and alpha and p 

’ SynopskPDGF is 
receptors were observed on proliferating 
chondrocytes. 

abundant in bone tissue. -Days 14-2 1: During this period of bone 
This study was conducted formation, the predominant expression of the 
to elucidate the role of PDGF-BB and p receptor was observed on both 
PDGF- A and -B chains osteoblasts and osteoclasts. 
and PDGF receptors alpha -Day 28: There was diminished expression of 
and beta in fracture repair, PDGF A and B chains and PDGF receptors, 

The coordinate localization of both the PDGF 
(figands) and receptors implies a paracrine and/or 
autocrine mechanism whereby PDGF participates 
in fracture repair. 

“Behavior of tricalcium B-TCP; 3 sheep HA (hydroxyl- -A microradiographic study carried out in The results show that these types of 
phosphate and apatite) mandibular sections of the jaw 4 months after HA and TCP granules are 
hydroxyapatite grant&s implantation show new bone deposition in the biocompatible. However, &TCP 
in sheep bone defects” defects filled with the TCP granules. The newly implantation into surgically created 
By: A.M. Gatti, D. Zaffe, grown bone closes the surgically created defect defects showed complete healing of the 
G.P. Poii completely. The density of the new bone is lower defects with no discernable margin to 

than that of the old compact bone. In the defects the original defects, while the HA 
Synopsis: Granules of filled with HA granules, little bone deposition implanted sites fail to heal completely 
hydroxyapatite and was observed and instead there is still HA present resulting in a residua1 defect similar to 
tricalcium phosphate were within the defect that is surrounded by dense the control, non-grafted site. 
implanted in surgically connective tissue. Where there is new bone Therefore, the TCP is superior in 
created defects in the present it is not closely associated with the HA overall performance demonstrating 
mandibles of sheep to granules. biocompatibility as well as 
evaluate in vivo behavior -Histologic observation shows the presence of osteoconductivity. 
of the materials haversian systems in the bone surrounding the 
particularly as it relates to TCP granules and woven bone. Big vascular 
bone growth in and cavities are seen near the granuies and inside the 
around the implanted new bone. 
materials. Portions of the -SEM analysis shows the TCP granules in close 
jaw bone containing the contact with the bone and shows that elongated 
original implanted sites osteocyte lacunae are present in the proximity of 
were processed and the bone. The SEM study of HA granules 
evaluated under optical demonstrates few granules in contact with new 
and scanning electron bone and many surrounded by dense connective 
microscopes. tissue. Many HA granules appear whole while 

some appear fragmented. There is little newly 
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Synopsis 
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formed bone. 
-A histomorphological study carried out shows 
TCP particles, at 4 months, surrounded by new 
bone, with some particles demonstrating bone 
deposition within the particle. Additionally, there 
is histologic evidence of bone remodeling and 
resorption processes present on TCP particles but 
not HA particles. 
-Analyses of the jaw 8 and 12 months after 
implantation show almost total disappearance of 
TCP and HA granules, The holes filled with HA 
granules are not closed, but the defects filled with 
the TCP granules are completely closed by new 

32 “Comparative effects of 
platelet-derived growth 
factor-B13 and insulin-like 
growth factor-l, 
individually and in 
combination, on 
periodontal regeneration 
in Macaca fascicularis” 
By: W,V. Giannobile, 
R.A, Hemandez, R.D. 
Finkelman, S. Ryan, C.P. 
Kiritsy, M, D’ Andrea, 
S.E. Lynch 

Synopsis: This study 
characterizes the 
biological effects of 
PDGF and/or IGF- 1 when 
used individually or in 
combination in non- 
*human primate 
periodontal defects. The 
parameters measured 

bone 8 and 12 months later, At 12 months post- 
surgical it is no longer possible to discern were 

I 1 TCP granules were-implanted, 
rhPDGF-BB and 10 (Control and 1 -Histomorphometric analyses: The results from this study indicate 
rhIGF-I; 10 
Macaca 
Fascicularis 
primates with 
ligature induced 
periodontitis 

treatment sites 
were within 
each animal) 
Treatment 
groups: 
methylcell- 
ulose gel alone 
(control), or 
methyl- 
cellulose gel 
containing 10 
ug each PDGF- 
BB, IGF-I or 
both 

rhPDGF-BB: 1 and 3 months following 
rhPDGF-BB application, increases were seen in 
all the parameters, although only % new 
attachment at week 12 was statistically 
significant. At week 4, % osseous defect fill was 
increased in treated sites 54% over controls. 
CNAA and % new attachment were increased in 
treated sites compared to controls by 68% and 
46%. At 12 weeks, all measured parameters of 
periodontal regeneration were greater than 
controls following rh.PDGF-BB application. 
Percent new attachment and % osseous fill 
increased at levels 162% and 1 ii% of the 
controls. CNAA and new bone height increases 
were not significant. 

IGF-1: Only modest changes in all parameters 
were seen following application. At 4 weeks, 
bone height, CNAA, % new attachment, and % 
defect fill were changed at levels 58%, 40%, -I%, 
and 54% from vehicle values. 

rhSDGF-BB/IGF-I : At 4 weeks, bone height, 
CNAA, % new attachment, and % defect fill 

that IGF- I treatment did not - 
significantly alter healing compared to 
surgery plus vehicle control sites in 
any parameter of periodontal 
regeneration. rhPDGF-BB treated 
sites exhibited significant regeneration 
of new attachment and demonstrated 
trends for treatment effect in other 
parameters measured. The 
combination of both growth factors 
resulted in significant regeneration of 
periodontal structures above vehicle at 
both 1 and 3 months. 



new attachment apparatus 
(CNAA), percent new 

above vehicle. These increases showed greater 
effects than the additive responses of PDGF-BB 

attachment, new bone and IGF- 1 individually. At 12 weeks, 180%, 
193%, 135%, 156%, were seen for % new 
attachment, % defect fill, CNAA and new bone 
height, all of which were not statistically 
significant. The increases for new bone height, 
CNAA and % defect fill were greater than the 
additive effects of PDGF-BB/IGF- leach. 
-Histology: At 4 weeks, vehicle and IGF- 1 treated 
sites healed similarly with little evidence of 
regeneration and were filled with dense 
connective tissue. New bone was seen coronal to 
the original defect in rhPDGF sites, The 
combination of PDGF-BB/IGF-1 increased new 
cementum, new bone coronal to the original 
osseous defects, and an intermediary organized 
PDL with collagenizing fibers. At 12 weeks, 
vehicle treated sites showed minimal evidence for 
periodontal regeneration, IGF- 1 sites showed 
dense connective tissue, and rhPDGF-BB sites 
showed mature new bone. rhPDGF/IGF- 1 sites 
showed greatest evidence for periodontal 
regeneration with abundant new mature bone 

and Amelogenin-Like 
Factors in Periodontal 

demonstrated a significant reduction in 
the percentage of apoptotic human 
intervertebral disc cells after exposure 



Reference No, Title, Author, and Test Article (No. Control (No. of Results Conclusions 

Norton, and EN. Hanley 

I (IGF-I) are effective in 
decreasing apoptosis in 

intervertebral disc cells. 

Phosphate/Bone Marrow 
Graft Promotes 
Osteoinductivity in a Rat 
Subcutaneous Model” 
By: R. Gunzberg, and M. 

Synopsis: This study 

osteoinductive potential 
of a P-TCP bone marrow 
aspirate/(BMA) graft 
compared with a known 
osteoinductive substrate, 

Vitoss B-TCP; 
Athymic nude 
rats 

There was no difference in percentage of 
apoptotic cells to PDGF 100 ng/mL versus IGF-I 

Insulin 100 ng/mL and lower levels of PDGF (1 
or 10 ng/mL) and IGF-I (0.05 to 5 ng/mL) were 
ineffective in reducing the percentage of 

Only age showed a significant positive 
correlation with percentage apoptosis in the 
presence of PDGF 100 ng/mL (Spearman 
correlation coefficient = 0.427; P=O.O2). 

d deaths occurred in the study. Vitoss 

bone, with a cartilage intermediate. Vitoss neat 
showed its purely osteoconductive namre (zero 
bone formation) in a non-osseous site. 
Polyethylene had zero bone formation, At 56 
days, new bone formation between the 
Vitoss/BMA and DBM samples was not 
significantly different. The presence of an 
enzyme marker for osteoblasts (alkaline 
phosphatase) was increased for VitosslBMA 
compared to DBM at all times, and was 
statistically significantly different at 28 days. 

Urist pouch model in rats iilustrate,that 
the composite graft, combining an 
osteoconductive synthetic matrix with 
bone marrow aspirate, may provide the 
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36 

17 

I 
, 

L 

Title, Author, and 

estabiished rat model. 

“THE USE OF 
TRICALCIUM 
(SYNTHOGRAFT). 
PART I: ITS USE IN 
EXTENSIVE 
PERIODONTAL 
DEFECTS” 
By: D,L. Hoexter 

J Oral Implatol 19 83 

“A Phase I/II Clinical 
TriaI to Evaluate a 
Combination of 
Recombinant Human 
Piatelet-Derived Growth 
Factor-BB and 
Recombinant Human 
Insulin-Like Growth 
Factor-I in, Patients with 
Periodontal Disease” 
By: T.H. Howell, J.P. 
Fiorellini, D.W. Paquette, 
S. Offenbacher, W.V. 

Test Article (No. 
of Patients) 

/3-TCP; Three (3) 
patients with 
extensive 
periodontal 
pathology (deep 
pockets and/or 
deterioration of 
osseous support). 
Defects exposed, 
packed with 
slurry of TCP, 
flap repositioned, 
sutured, and 
covered with 
dressing, 
Patients treated 
with broad 
spectrum 
antibiotic for 7 
days post 
im&&ation. 
38 Patients with 
advanced 
Bsseous 
periodontal 
iefects 

f 
( 
( 
( 

i 
I 

[ 
( 
% 

-1 

Control (No. of 
Patients) 

Patients were 
their own 
control. 

38 (Each 
?atient’s mouth 
lad a control 
Iuadrant); 
:ontra-lateral 
quadrant 
aeceived either 
;D-PDGF- 
3B/IGF-I 
5Ouglml each 
)f rhPDGF-BB 
md rhIGF-I in 
Fe1 vehicle or 

Results 

while slower endochondral bone formation 
occurred in the DEM group. 

At 9 months post implantation, no repocketing 
occurred; teeth were stabilized and function 
maintained. 

-Safety: The LD-PDGFIIGF-1 and HD- 
PDGF/IGF- 1 drug formulations were well 
tolerated. No serious adverse events, 
discontinuations, signs of uncontrollable tissue 
formation, or deaths were attributed to the drug or 
placebo. The most serious adverse effects noted 
were pain at the operative site, sensitivity, and 
edema; these were not unexpected post-surgical 
avents and no measurable differences were found 
between treatment and control quadrants. There 
were 15 reports of postoperative pain, 2 reports of 
soft tissue dehiscence, and 1 reuort of tooth 
abscess, all of mild severity. There were 2 

Conclusions 

TCP observed to be biocompatible; 
provided good support and eliminated 
mobility with function maintained for 
at least 6 months. Preliminary 
prognosis hopeful in Iight of failure of 
graft materials within first few months. 
Histological and resorption profiles 
should be collected in the future. 

The results from the Phase I41 human 
clinical trial show that the rhPDGF-BB 
and rhIGF-I are safe for use when 
applied locally to bone defects during 
periodontal surgery. A single 
application of the HD-PDGF/IGF- 1 is 
effective, resulting in a statistically 
significant improvement in bone 
growth and fill of periodontal defects 
compared to the current standard 
practice of full thickness flap reflection 
and debridement. 



f 
Reference No, Title, Author, and 

Synopsis 

Giannobile, SE. Lynch 

Synopsis: This human 
study assesses the safety 
of rhPDGF-BB and 
rhIGF- 1 when applied 
locally to bone defects 
during periodontal 
surgery and accrues data 
to determine the dose of 
growth factor needed to 
stimulate periodontal 
regeneration, 

Test Article (No. 
of Patients) 

[ 15Opghl each 
of rhPDGF-BB 
and rhIGF-I in 
gel vehicle] 

Results 

reports of adverse events with moderate severity. 
Treatment emergent abnormal Iaboratory events 
were reported for 5 patients and included liver 
enzymes, lymphocytosis, and hematuria, all 
considered mild and were found at both baseline 
and 28-day timepoints (the patients entered into 
the study with abnormal levels prior to therapy 
and continued to display altered levels at one 
month. No patients developed antibodies to 
rhPDGF-BB or rhIGF-I after exposure to the 
drug. 
-Efficacy: 

Patient Assessment: For LD-PDGF/IGF-1, 
there were a total of 42 sites evaluated from 16 
patients; the control therapies were evenly 
distributed-8 surgery alone, 8 surgery + placebo. 
For the HD-PDGEIIGF-I subjects, 14 were 
evaluable (28 sites). 

Hard Tissue Endpoints: No significant 
differences were noted between LD-PDGF/IGF- 1 
subjects and the standard care or standard care 
plus vehicle subjects. In LD-PDGF/EGF-I 
subjects, re-entry of the surgical site at 6 months 
proved to be to early and may have disturbed 
newly regenerated tissue. Thus, the HD- 
PDGF/IGF-I patients were only re-entered at 9 
months. This re-entry showed a 0.75 mm new 
mean bone height in the control group and 2.08 
mm in the treated group. The % of osseous 
defect fill was calculated and there was no 
significant difference in LD-PDGF/IGF- 1 
subjects. In HD-PDGF/IGF-1 subjects, control 
defects resulted in an 18S+/-7% bone fill, while 
the defects treated with the HD PDGF-BB/IGF-I 
resulted in 42.3-t/-9% bone fill. 

Soft Tissue Assessments: Gains in attachment 
level were found for both test and control groups 
following periodontal surgery. For both LD- 
PDGFfIGF- 1 and HD-PDGF/IGF- 1 treated 

Conclusions 

1 



th and relative attachment 

Levels of mRNA for collagen II increased by 2- PDGF had little or no effect on 
without PDGF, fold in the implantation sites supplemented with formation of cartilage and bone when 

PDGF at 7 days post implantation. This was, bone matrix was implanted into young 
BONE MATRIX- however, not observed at days 10 and 14 post rats. However, PDGF increased 

implantation. Alkaline phosphatase (AP) activity cartilage and bone formation in the 
and calcium content in implants in young rats we implants placed in mature rats. Other 
two times that of older rats. Exogenous PDGF growth factors had no effect. PDGF 
did not increase the rate of bone formation in the may be more active due to its 

and calcium content of the plaque. characteristics and may act to recruit 
cells and stimulate bone formation. 

Calficied Tissue 
International 1988 

thorax, Animals 

platelet-derived growth osteoblastic ceils osteoblastic PDGF-BB 20 ng/mL produced a significant two- 
factor enhances formation cultured in 

multiple brief exposures to PDGF-BB 
cells cultured in enhance formation of a mineralized 



Reference No. Title, Author, and 
Synopsis 

of a mineralizing matrix 
while continuous 
application is inhibitory” 

By: SC. Hsieh and D.T. 
Graves 

1998 J Cellular 
Biochemistry 

Synopses: This in vitro 
study evaluates the effect 
of continuous and pulse 
treatments with piatelet- 
derived growth factor BB 
isoform (PDGF-BB) on 
osteoblast proliferation 
and nodule formation in 
mineralizing cultures of 
fetal rat osteoblastic cells. 

/ Test Article (No. 
of Patients) 

mineralizing 
media with 
various 
concentrations of 
pulsed and 
continuous 
PDGF-BB (0 to 
50 ng/mL) over a 
range of time 
periods 

Anorganic Anorganic 
bovine bone bovine bone 
matrix incubated matrix without 

Control (No. of 
Patients) 

Results Conclusions 

mineralizing 
media without 
PDGF.BB 

fold increase (P10.0 1) in osteoblastic cell 
proliferation on Days 3 and 7, but no significant 
difference on Day 28 and thereafter. The PDGF- 
BB-induced burst in osteoblastic cell number 
reached a plateau after 14 days. 

matrix while longer-term exposure is 
inhibitory. Thus, PDGF-BB may have 
anabolic as well as inhibitory effects 
on bone formation depending upon the 
length of exposure. 

The effect of PDGF-BB on mineralized nodule 
formation depended on the timing and duration of 
exposure. Although PDGF-BB increased 
osteoblastic cell proliferation, continuous 
treatment with PDGF-BB caused a significant 
(P10.01) dose-dependent decrease in mineralized 
nodule formation. When osteoblastic cells were 
treated with multiple (Days 7 and 14), short-term 
(1 day) pulse exposures to PDGF-BB at the 
osteoblast differentiation stage, there was a 
significant SO% increase (P<O.Ol) in mineralized 
nodule area. Longer-term (7 day) pulse exposures 
to PDGF-BB inhibited alkaline phosphatase 
activity if applied at early stages of osteoblastic 
cell culture (Days 0 to 7 and 7 to 14); little effect 
was observed if PDGF-BB was applied to 
cultures afier Day 14. 

Based on modulation of alkaline phosphatase 
activity, longer-term exposure to PDGF-BB 
reduces mineralized nodule formation largely by 
inhibiting differentiated osteoblast function, 
while short-term exposure enhances proliferation 
without inhibiting the differentiated phenotype. 
Thus, the ultimate affect of PDGF-BB on bone 
formation is likely to reflect two processes: a 
positive effect through enhancing cell number or 
a negative effect by inhibiting differentiated 
function. 
PDGF-BB-treated matrix material (at all The results of this in vitro study 
treatment concentrations) produced significantly indicated that PDGF-BB can be 
greater (PcO.05) proliferation of cultured adsorbed to anorganic bovine bone 

These findings suggest that multiple, 
brief exposures to PDGF-BB would 
enhance bone formation in vivo, while 
prolonged exposure to PDGF-BB, 
which is likely to occur in chronic 
inflammation, would inhibit 
differentiated osteoblast function and 
limit bone regeneration. 
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mineral matrix with 
growth factors” 

By: D. Jiang, R. Dziak, 
S.E. Lynch, and E.B. 
Stephan 

August 1999 J 
Periodontal 

I Synopses: This in vitro 
study investigates the 
interaction of 
osteoconductive 
anorganic bovine bone 
mineral matrix (“matrix”) 
with platelet-derived 
growth factor BB isoform 
(PDGF-BB) and insulin- 
like growth factor-l (IGF- 
I}, and determines if the 
combination of growth 
factors with the matrix 
can stimulate proliferation 
of neonatal rat (Sprague- 
Dawley) osteoblastic 
cells. 

with various 
concentrations of 
radiolabeled 
PDGF-BB or 
IGF-I 

To measure 
proliferation, 
neonatal rat 
osteoblastic cells 
were cultured 
with matrix 
incubated with 
PDGF-BB (0.4 
to 5.5 x lo6 M) 
or IGF-I (0.9 to 
14.2 x 1 O6 M). 

To measure 
interaction 
dynamics, 
radiolabeled 
PDGF-BB (0.4 
to 5.5 x 106M) 
or IGF-I (0.9 to 
16.06 x lo6 M) 
were incubated 
with matrix over 
a range of time 
periods (I min to 
10 days). 

PDGF-BB or 
IGF-I 

osteoblastic cells compared to the matrix alone. 
In contrast, IGF-I adsorbed to the matrix did not 
significantly enhance cell proliferation. 

Both PDGF-BB and IGF-I adsorbed to the matrix 
I in a concentration-dependent manner. There was 

a significant difference (PcO.05) between 
absorption of PDGF-BB at 0.4 x lo6 M and all 
higher concentrations, but not between 2.8 and 
5.5 x IO’M, suggesting that absorption of PDGF- 
BB was approaching saturation at these higher 
doses. PDGF-BB 2.5 x lo6 M reached maximum 
absorption to the matrix by 15 minutes, The 
absorption curve of IGF- 1 was linear at all 
concentrations without evidence of sa,turation. 
The affinity of IGF-I for the matrix was IO-fold 
greater than PDGF-BB. 

Approximately SO% of PDGF-BB and 10% of the 
IGF-I were released after 10 days. The percentage 
of PDGF-BB released from the matrix showed a 
time-dependent increase that was significant 
(PcO.05) between 1 -hour incubation and 48-hour 
and IO-day incubations. The percentage of IGF-I 
released from the matrix did not change over 
time. 

41 “Multiple Uses of 
Resorbable Tricalcium 
Phosphate” 
By: KW Judy 

Synopsis: This paper 

1 I 

B-TCP; 3 N/A Case 1: Treatment of a chronic sinus tract 
patients (each in extending from the buccal plate to the sinus with 
a different case involvement of the palatal plate. Following 
study> complete debridement of the tract (removal of 

soft tissue), porous TCP was used to fill the 
resultant bone void. Two years later, the 

presents cases where the radiograph shows complete healing. .The 

mineral matrix and enhances the 
osteogenic properties of the matrix. 
IGF-I was also adsorbed to the matrix, 
but was not readily released and did 
not produce significant effects in 
osteoblastic cell proliferation. 
However, the slow release of IGF-I 
may be clinically beneficial since IGF- 
I is important in long-term bone 
remolding. 

It may be clinically feasible to adsorb 
PDGF-BB to anorganic bovine bone 
and that the combination of bone 
growth factor and matrix has the 
potential for clinical applications. 

Principles for *se of porous, 
resorbable TCP in general and 
complex restorative situations were 
presented. The cases presented 
showed that the use of porous TCP for 
various dental and craniofacial 
applications requiring bone fill was 
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local irritation, and 
genotoxicity. 

of Patients) Patients) 
I 

suggestive of accelerated bone remodeling, (one 
of the therapeutic benefits to be achieved in 
Vitoss Plus) . These findings were not 
unexpected based on the pharmacologic activity 
of becaplermin. , Becaplermin had no effect on 
body weight, 
-Antibody Response Study: Antibodies were 
detected in some rat serum at weeks 3, 5, and 9. 
None of the 20 rats that demonstrated an antibody 
response produced neutralizing antibodies to 
becaplermin, but in a low concentration of 
becaplermin, 4 of 20 rats showed 30-60% 
neutralizing activity to becaplermin. Some 
changes in the subcutis of rats were seen ranging 
from mild mixed inflammatory cell infiltrate to 
fibroblast activation to minimal fibroplasia. 
There was no effect of becaplermin on body 
weight and no drug-related clinical. findings. 
-Cardiovascular Effects: Only minimal effects, 
which were seen in control dogs, were observed. 
In other studies, no cardiographic abnormalities 
were seen. 
-Sensitization and irritation potential: Dermal 
sensitization results were not unexpected for a 
recombinant human-derived protein. In dermal 
irritation studies it did not cause irritation or 
systemic toxicity when applied topically. 
Genotoxic Potential: The results in multiple 
models and at multiple doses indicated that 
becaplermin is not mutagenic. 
-Reproductive Toxicity and Carcinogenic 
Potential of Becaplermin: Since becaplermin is an 
endogenous protein, it lacks genotoxic potential, 
It is also unlikely to increase the risk of local 
carcinogenicity following topical application. 

43 “Autologous bone 
marrow stromal cells 

1 I I 

4 ewes Used, but -In vitro characterization of sheep BMSC: In This study suggests that the use of 
number contrast with the characteristic heterogeneous autologous bone marrow stromal cells 
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loaded onto porous 
hydroxyapatite ceramic 
accelerate bone repair in 
critical-size defects of 
sheep long bones” 
By: E. Kon, A. Muraglia, 
A. Corsi, P. Bianco, M. 
Marcacci, I. Martin, A. 
Boyde, I, Ruspantini, P. 
Chistolini, M. Rocca, R, 
Giardino, R. Cancedda, R. 
Quart0 

unspecified 

Synopsis: This study 
tested the ability of 
marrow-derived 
osteogenitor cells to 
promote repair of critical- 
size tibia1 gaps upon 
autologous transplantation 
on a hydroxyapatite 
ceramic carrier in a sheep 
model. 

44 “Biosynthetic Bone 
j Grafting” 

Numerous 
studies 

Numerous 
studies 

Results 

morphology of human BMSC in culture, sheep 
BMSC colonies were composed of very 
homogeneously small, thin, and elongated 
fibroblast-like cells, Additionally, while human 
BMSC colonies are positive for alkaline 
phosphatase activity, sheep BMSC are not. 
- Repair of critical-size tibia1 defects by 
autologous sheep BMSC: Proper integration of 
the implant with bone at sites of resection was 
obvious in retrieved implants. Formation of new 
bone onto the outer surface was much more 
substantial in cell-loaded ceramic implants 
compared to control implants. Prominent bone 
formation also was observed in retrieved cell- 
loaded implants within the inner canal of the 
original HAC. Osteogenesis at the equivalent site 
was negligible in control implants. In retrievals 
from animals with cell loaded HAG cylinders, 
most of the inner pore spaces contained newly 
formed bone while most inner pores from bone 
retrieved from animals that received cell-free 
implants were free from bone. Growth of bone 
within micropores and fissures of the original 
WAC cylinder was obvious in cell-loaded 
implants but negligible in controls, 
Histomorphometry analysis showed a higher 
amount of newly formed bone was observed in 
the cell-loaded implants compared to controls. In 
both groups the new bone in direct apposition to 
HA appeared less well mineralized than the 
original tibia1 shaft. 
-Biomechamcal testing: The characteristics of 
both implant types are an intermediate between 
bioceramic porous scaffold and bone tissue. Cell- 
loaded specimens presented higher stiffness and a 
lower standard deviation than cell loaded ones. 

-0steoconductive Matrices: Ideally, an 
osteoconductive matrix should possess its own 

Conclusions 

(BMSC) in conjunction with 
hydroxyapatite ceramic (HAC)-based 
carriers results in faster bone repair 
compared to HAC alone. This study 
indicates that these matrices, while 
providing a good osteoconductive 
scaffold need to be supplemented with 
other biological stimuli to achieve 
improved bone regeneration, 

The data compiled in this report 
supports the concept that although 



Reference No Title, Author, and 
Synopsis 

By: J.M. Lane, E. Tomin, 
and M,P.G. Bostrom 

Synopsis: In this review, 
the authors discuss the 
three main components 
of an ideal bone graft: (1) 
osteoconductive matrix 
(2) osteoinductive growth 
factors and (3) 
osteoprogenitor cells, and 
how these three 
:omponents may be put 
:ogether in order to create 
3 more effective 
liosynthetic bone graft. 

Test Article (No. 
of Patients) 

Control (No. of 
Patients) 

Results 

beneficial conductive effect on bone growth as 
well as serve as a carrier for delivery of bone 
growth factors. Many biodegradable and ceramic 
carriers have been used as vehicles or carriers for 
GFs. Polylactic and polyglycolic acid porous 
microspheres, collagen and ceramic materials 
have all been used with varying degrees of 
success. Overall the development of 
osteoconductive matrices that can also act as 
carriers for bone growth factors has slowed down 
the development of clinically successful 
biosynthetic bone grafts. 

-0steoinductive Bone Growth Factors: 
The TGF-B family of growth factors appears to 
regulate the proliferation and expression of 
differentiated phenotypes for many cell 
populations, including chondrocyte, osteoblast, 
and osteoclast precursors. Other growth factors 
involved in fracture healing, found in the callus, 
include PDGF, FGF, and IGF. 
-Bone Morphogenetic Proteins: BMPs appear to 
be one of a promising bone growth modulator. 
Native human BMP has been used successfully in 
spinal fusion procedures, Studies have shown 
that rhBMP-2 and rhBMP-7 used in 
pharmacological doses in various animal models 
are superior to autografts in achieving spinal 
fusion. 
-Transforming Growth Factor-Beta: This growth 
factor has been shown to have a stimulatory 
effect on bone formation, possibly by enhancing 
the osteoinductive activities of the BMP’s. Its 
application appears to augment the healing of 
fractures, but not dramatically. 
-Platelet-Derived Growth Factor: PDGF is a 
mitogenic and chemotactic factor for bone cells. 
It is naturally produced during the early phases of 
fracture repair and also present in mature bone 

h i 

Conclusions 

products that contain only one of the 
three key components of an ideal bone 
graft (an osteoconductive matrix, 
osteoinductive growth factors, and 
osteoprogenitor cells) may regenerate 
bone successfully, composites of these 
three key components will be more 
successful clinically. 
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,‘Enhanced bone 
formation by controlled 
growth factor delivery 
from chitosan-based 
oiomaterials” 

By; Jue-Yeon Lee, Sung- 
geon Nam, Su-Yoen Im, 
Yoon-Jeong Park, Yong- 
VIoo Lee, Yang-Jo Seal, 
Thong-Pyoung Chung, 
Seung-Jin Lee 

3302 J of Controlled 
Ye/ease 

1 
1 

; 

1 
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i 
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1 

I 
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Test Article (No. 
of Patients) 

Porous chitosan 
matrices, 
:hitosan-poly(l- 
iactide) (PLLA). 
Keelease of 
?latelet derived 
growth factor- 
3B (PDGF-BB) 
?om these 
natrices. 

+imary cultures 
If embryonic rat 
:alvarial 
)steoblasts. 

Control (No. of 
Patients) 

Release 
experiments 
into phosphate 
buffer with 0% 
PDGF-BB 

Osteoblast 
proliferation 

In vivo bone 
regeneration - 
ZOIltrOl 
untreated defect 
in 4 weeks post- 
surgery - filled 

Results 

matrix. PDGF appears to stimulate bone and 
cartilage cells in normally healing human 
fractures. The A chain has been found in many 
cells during a long period of fracture healing 
while B chain expression was more notable 
during the remodeling stage.. 
-Insulin-like Growth Factor: This GF plays a role 
in bone formation, fracture repair, and may be 
important in endochondral bone formation. 
-Fibroblast Growth Factor: Acidic and basic FGF 
have been shown to induce and inhibit bone 
repair, depending on the applied dose. 

-0steoprogenitor Stem Cells: Studies have shown 
that bone marrow can be used to successfully 
treat nonunions. Bone marrow appears to be the 
source that is most capable of providing these 
uncommitted cells. Experiments have also shown 
that various components of the bone matrix or 
osteoconductive materials along with bone 
marrow are synergistically superior to each alone 
and significantly enhance the healing of bone 
fractures, 
Initial release of 90 ng, PDGF-BB then consistent 
4-5 ng /day with no significant leveling off from 
the matrix. Consistent stimulation by prolonged 
release of PDGF-BB was beneficial to enhance 
osteoblast migration & proliferation within 
porous chitosan matrix. 

3steoblast proliferation in PDGF-BB loaded 
chitosan matrix showed a high level of cell 
attachment due to the chemotactic effect of the 
growth hormone. Osteoblast and osteoids around 
the matrix can freely migrate into the PDGF 
loaded chitosan matrix when applied in a bony 
defect. The chitosan coated matrix and the 
zhitosan composite matrix showed markedly 
nigher density of osteoblasts compared with that 

Conclusions 

Controlled release of PDGF-BB from 
PLLA-chitosan composite porous 
matrices significantly promoted bone 
healing and regeneration. These 
results suggest the feasibility of a 
combinative strategy of controlled drug 
release and tissue engineering in 
reconstructive therapy in the field of 
aerodonetics, orthopedics and plastic 
surgery, 



Reference 6 

46 

Title, Author, and 
Synopsis 

Synopses: 
This study tests the 
usefulness of chitosan as 
drug releasing scaffolds 
and as modification tools 
for currently used 
biomaterials to enhance 
tissue regeneration 
efficacy. Release of 
platelet-derived growth 
factor-BB (PDGF-BB) 
from these matrices 
exerted significant 
osteoinductive effect. 
“The Bone Regenerative 
Effect of Plate&-Derived 
Growth Factor (PDGF- 
BB) Delivered with a 
Chitosan’Tricalcium 
phosphate Sponge 
Carrier” 
By: Y-M Lee, Y-J Park, 
S-J Lee, et al, 

Synopsis: This study 
:valuated the bone 
regenerative effect of 
%.PDGF-BB delivered in 
1 chitosan/tricalcium 
2hosphate (TCP) sponge 
.n a rat caivarial defect 
nodel, 

Test Article (No. 
of Patients) 

In vivo studies- 
Sprague-Dawley 
rats. A 
craniotomy 
defect (8 mm in 
diameter) was 
formed by a 
trephine needle. 

rhPDGF-BB and 
TCPlchitosan 
sponge; 24 
Sprague-Dawley 
rats 

Control (No. of 
Patients) 

with connective 
tissue, only 
limited new 
bone formation. 

8 

Results 

of PLLA matrix. 

In vivo - Bone regeneration: 
PDGF-BB loaded chitosan matrix in a rat 
calvarial defect showed an increase of 
osteogenesis compared to untreated defects, 
Optimal therapeutic efficacy has not been 
achieved because of the short biological half-life; 
therefore the development of a delivery system to 
release PDGF-BB in a controlled manner is 
essential for clinical efficacy, 

-Fabricated Chitosan-TCP Sponge: The sponge 
showed a 3D porous structure that was brittle 
when dehydrated, but soft and malleable and 
expanded when rehydrated with saline or blood. 
-Release Kinetics of rhPDGF-BB: After an 
initial burst release, PDGF-BB was consistently 
released at a rate of 6 nglday up to 7 days. The 
rate then diminished for the next 14 days to 2-3 
nglday, 
-Bone Regeneration by the Sponges: No subjects 
showed in-llammatory tissue reactions and all 
wounds showed a good healing response. At 2 
weeks, the control wounds were invaded by 
loosely organized connective tissue while both 
the chitosanlTCP sponge and the PDGF-BB 
loaded chitosanJTCP sponge wounds showed 
bone regeneration. At 4 weeks, the control 
wounds showed a limited amount of new bone 
formation, the chitosa&TCP wounds showed 
increased bone regeneration and the rhPDGF-BB 
chitosan/TCP treated wounds showed the 
greatest regeneration. Degradation of the 
TCP/chitosan sponge progressed throughout the 
time of the study. The rhPDGF-BB significantly 
enhanced the osteogenic effect of the 

Conclusions 

The results of this study support the 
use of TCPlchitosan sponges as a 
delivery system for rh.PDGF-BB and 
demonstrate that rhPDGF-BB loaded 
onto an osteoconductive TCP- 
containing scaffold produces 
osteogenseis leading to enhanced 
repair of craniofacial bone defects. 
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TCP/chitosan sponge carrier at both time points. 

47 “Biodegradable Ceramic 
in Periodontal Defects” 
By: M.P. Levin, L. 
Getter, D.E, Cutright, and 
S.N. Bhaskar 

Synopsis: This study was 
conducted in order to 
determine the response of 
periodontal tissues to the 
placement of 
biodegradable tricalcium 

. phosphate (TCP) 

48 “HEALING OF 
PERIODONTAL 
DEFECTS WITH 
CERAMIC IMPLANTS” 
By: M.P. Levin, L. Getter, 
J. Adrian, D.E. Cutright 

J Clin Periodontol 1974 

TCP; Macca Unfilled 
rhesus monkeys. quadrant of 
2-3 mm x 0.5 each monkey. 
mm defects 
createdin 4 
quandrants in 
facial surfaces of 
premolars and 
molars. TCP 
packed 
intodefect of 3 
quandrants and I 
quadrant left 
unfilled. 
Monkeys 

Over a 22 week course, results of the ceramic 
implants were accumulated. A round cell 
inflammatory response from the trauma of the 
operation (and not due to the ceramic) was noted 
for time points less than 3 weeks. Small, multi- 
nucleated, elliptical giant cells continuously 
removed ceramic from the site. Ceramic was not 
completely removed from the area at 19 weeks in 
some samples, but no ceramic was detected in 
any sample by the end of 22 weeks. 6steoid was 
formed around the vessels penetrating the 
ceramic and rapidly separated the ceramic into 
segments. Osteoblastic activity occurred at the 
very edge of the ceramic initially and later within 
the islands of connective tissue. Repair of 
injuries to the tooth occurred with a deposition of 
new cementum and growth of a new periodontal 
ligament. The ceramic was very well tolerated by 
the tissue, At 4 weeks, the controls had greater 
osteoblastic activity than experimental sites. 

At 1 week, implant well-vascularized with loose 
granulation tissue surrounding ceramic and 

i d mo erate inflammatory cell infiltration; control 
~ area less vascularized with less granulation tissue 

and inflammation. 
At week 2, implants had more dense and mature 
connective tissue surrounding the ceramic, 
inflammation decreased and fibrous connective 
tissue infiltrating ceramic; controls exhibited 
increased inflammation and immature granulation 
tissue in the defect site with fibroblast activity 
evident around defect site. 
At week 3, implants exhibited mature granulation 
tissue, little chronic inflammation, and osteoid 
material found occasionally in ceramic; control 

Biodegradable TCP implants 
resulted in regeneration of lost 
periodontium with excellent tissue 
tolerance to the material. 

i 

TCP is well-tolerated by the tissue and 
periodontium is regenerated. TCP may 
be a stimulator of bone formation. 
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Synopsis 

“AD MODIFIED 
GINGIVAL INDEX FOR 
USE IN CLINICAL 
TRIALS” 
By: R. Lobene, T. 
Weatherford, W. Ross, et 

Test Article (No. 
of Patients) 

sacrificed at 
12345 and9 , > > , > 
weeks. Tissues 
evaluated 
histologically, 

Formulation of a 
modified 
gingival index 
:MGI) and 
methods. MGI 

Control (No. of 
Patients) 

\J/A 

Results 

sites had marked osteblastic activity, mature 
granulation tissue, and scattered chronic 
inflammatory cells. 
At week 4, implants vascularity and innammation 
almost resolved, ceramic segmented with 
ingrowing connective tissue, and bone formation 
occurring at interface of connective tissue and 
ceramic; controls demonstrated that defect 
consisted mainly of numerous trabeculae of 
woven bone with vascular connective storma in 
spaces between trabeculae, inflammation absent, 
and early laminar pattern characteristic of 
maturing bone. 
At 5 weeks, ceramic was filled with connective 
tissue exhibiting a peripheral eosinophilic 
characteristic of osteoid and amount of collagen 
increasing; control similar to week 4 but 
regenerated bone had fewer osteocytes. 
At 9 weeks, implants still contained areas of 
ceramic in defects, considerable woven bone 
observed around and within ceramic, osteoid 
forming at the interface of ceramic and 
connective tissue; controls showed no 
inflammation or granulation tissue, bone more 
mature and less cellular than at 5 weeks, 
approximately 50% of new bone remodeled. 
At 4,5 and 9 weeks, implant sites showed the 
presence of a band of cellular, eosinophilic 
cementoid material between the tooth and the 
healing periodontal ligament that was separated 
from the tooth. The 9-week controls showed 
same characteristics but the cementurn formation 
was not as advanced. 

Agreement between examiners was 67 to 68%. 
Examiners scored within 1 integer of the MGI 
from 95 to 97% of the time. 

Conclusions 

Correlation coefficients among the 
three examiners were high and 
statistically significant, demdnstrating 
the reliability of the MGI. Advantages 
of MGI versus GI are that it provides 
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al. 

Clin Prev Dent 1986 

evaluated in 
long-term 
clinical trial of 
antiseptic mouth 
rinse. A 
principal 
examiner 
compared 
against two 
additional 
examiners 
Degree of 
correlation 
between 
examiners for 
measuring 
gingivitis 
calculated. 
Consensus based 
on re- 
examination was 
used to resolve 
any 
disagreements in 

platelet-derived and 
insulin-like growth factors 
enhances periodontal 

Synopsis: This article 
orts on the findings of 

Two weeks post-surgical animals euthanized and 
block biopsies of teeth and surrounding bone 
were taken for histologic examination: 
-Control Specimens: Epithelium lined most of the 
instrumented root surfaces. In the area of 
connective tissue adjacent to the root surface, 
there was no new cementurn formation. There 
was little overall evidence of resorptive or 
formative activity and little evidence of change 
on cemental or bone surfaces. 
-Experimental surfaces: Marked differences from 
the controls were seen in the supraerestal 
connective tissue region. In the experimental 
group, new bone formation extended from the 

Conclusions 

greater sensitivity at the lower end of 
the rating scale and detects more 
subtle, earlier changes in progression 
or regression of gingivitis. 

The results of this study show that~ 
in vivo application of the combination 
of PDGF and IGF- 1 enhances 
regeneration of periodontal structures, 
including bone, cementum and 
periodontal ligament. 
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Title, Author, and 
Synopsis 

stimulates periodontal 
regeneration when applied 
onto the bone defect and 
tooth roots during 
periodontal surgery. 

“The effect of short term 
application of a 
combination of platelet- 
derived and insulin-like 
growth factors on 
periodontal wound 
nealing” . 
By: SE. Lynch, G.R. 
Zastilla, R.C. Williams, et 
il. 

Synopsis: This study tests 
he hypothesis that the 
:ombination of PDGF-B 
md IGF-1 can predictably 
enhance periodontal 
-egeneration. 
4dditionally, the authors 
;eek to determine what 
.ength of time is required 
?or the growth factors to 
:xert their effect at the 
cite. 

Test Article (No. 
of Patients) 

rhPDGF-BB and 
rhIGF-I in 
methylcellulose 
gel; 13 beagle 
dogs with 
naturally 
0ccLlrring 
periodontal 
disease (26 
osseous 
periodontal 
defects). 
Osseous defects 
in 4 additional 
animals received 
radiolabelled 
PDGF or IGF-I 
in the treated 
sites to 
determine 
clearance rates 

Control (No. of 
Patients) 

Gel alone; 26 
defects 

Results 

crest of the original alveolar bone and was 
adjacent to the notched root surface. A distinct 
deposit was also found on the root surface that 
resembled cementum and extended from the 
apical end of the notch in a corona1 direotion. 
Active bone formation was evident throughout 
the extent of the new bone, and it was more 
osteoid-like in the coronal region. New bone 
formation was also noted on the periosteal and 
periodontal ligament surfaces, with a 116 p width 
compared to the 13 u of the control specimens, 

-Local Clearance: The clearance studies revealed 
that the half-life of the proteins at the site was 3.0 
hours for IGF-I and up to 4.2 hours for rhPDGF- 
BB. Greater than 96% of the radio-labeled 
proteins was cleared by 96 hours and there was 
no detectable radio-labeled protein 2 weeks after 
application. 
-Osseous Metabolic Activity: The rate of bone- 
seeking radiopharmaceutical uptake increased in 
both control and growth factor treated sites after 
surgery. At 2 and 4 weeks postoperatively 
greater increases were observed in the sites 
receiving rhPDGF-BB/IGF- 1 e At 2 and 4 weeks 
the increases were 2 times and 2.7 times the 
controls, respectively. 
-Histologic Analysis: A sequence of wound 
healing events was seen. In most control 
specimens, the epithelium migrated apically to 
the base of the instrumented root surface* There 
was no new cementum on the root surfaces lined 
by the epithelium. Dense collagen fibers 
occupied most of the area in the intrabony defects 
at 2 weeks. In the supracrestal area of the bone 
specimens, no new bone formation was observed. 
Near the base of intrabony defects, small islands 
of new bone were noted, but no cementogenic or 

Conclusions 

This study shows that the bolus 
administration of rhPDGF-BB/rhIGF- 1 
to a bony site can stimulate rapid 
osteogenesis, The single application of 
these growth factors at the time of 
surgery can stimulate regeneration of 
the periodontal attachment apparatus, 
including bone, cementum and 
ligament during the early phases of 
wound healing. 
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52 

the hypothesis that Vitoss 
Scaffold synthetic bone 
void filler is resorbed and 
replaced by normal viable 

I--- Cancellous 
bone adjacent to 
the implant area 
acted as an 
intra-specimen 
control; 
unimplanted 
Vitoss served as 
an external 
control 

bone over time. 

Results 

osteogenic activity was noted within existing 
periodontal ligament spaces. 
In the experimental specimens treated with 

rhPDGF-BB and rh.IGF-I, new bone formation 
was evident in the horizontal and vertical alveolar 
bone defects. At 2 weeks a continuous layer of 
osteoblast-like cells surrounded almost all 
surfaces of the new bone. Numerous osteocytes 
were present within the new bone, This new 
bone became more immature in nature as its 
distance from the original bone increased. New 
bone was seen on the periosteal surfaces of the 
original alveolar bone. New cementum was also 
seen on the root surface. At 5 weeks the new 
bone was denser in both control and treated sites 
and contained numerous osteocytes. In the 
treated sites, large clusters of osteoblast-like cells 
were seen adjacent to the new bone. The new 
cementum was still lined by a nearly continuous 
layer of cells in the treated sites. Strikingly, a 
physiologic periodontal ligament space (occupied 
by dense connective tissue and vascular channels) 
was maintained between the new cementum and 
new bone. 

Both X-Ray Diffraction (XRD) and Fourier 
Transform Infrared (FTIR) spectroscopy showed 
the evolution of the chemical structure of the 
implant into cancellous bone with time, occurring 
by the coupled process of bone formation and 
maturation, and resorption of the Vitoss scaffold. 
When analyzed by XRD the strongest peak for 
the 3 and 24 week samples was the P-TCP peak, 
indicative of a strong Vitoss Scaffold presence. 
The primary peak for the 52 week sample 
matched that of adjacent cancellous bone, FTIR 
analysis showed the same results since the Vitoss 

-phosphate doublet gradually diminished by 52 

Conclusions 

This study demonstrates 
replacement, over time of the Vitoss 
(P-TCP) scaffold with host bone as 
evidenced by chemical; 
crystallographic and structural methods 
of analysis. Vitoss is now being used 
safely in a variety of clinical 
applications to treat skeletal defects. 



Reference No. Title, Author, and 
Synopsis 

Test Article (No. Control (No. of Results Conclusions. 
of Patients) Patients) 

weeks as the Vitoss was resorbed at defect site. 
Thus, all methods of analysis demonstrate an 
increasing match to cancellous bone over the 52 
week period. 
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53 “Platelet-rich plasma Platelet-rich Autograft; 44 -PRP monoclonal antibody study: Platelets 
growth factor plasma (PRP) patients with isolated by centrifugation showed uptake of 
enhancement for bone containing 5mm or greater PDGF and TGF-P monoclonal antibodies on all 
grafts” PDGF and TGF- mandibular slides, confirming the presence and retention of 
By: R.E. Marx, E.R. p; 44 patients discontinuity these growth factors in the PRP preparation 
Carlson, R.M. Eichstaedt, with 5mm or defects. -Bone graft harvest material monocional antibody 
S.R. Schimmeie, J.E. greater study: All slides had cells that tested positive for 
Strauss, and K.R. mandibular receptors to PDGF and TGF-P. Most of the cell 
Georgeff discontinuity groups were centered around blood vessels in a 

defects. perivascular sheet. These results identified the 
Synopsis: This article presence of marrow stem cells and 
presents data osteoprogenitor cells in human cancelious bone 
documenting that platelet marrow capable of responding to the increased 
rich plasma (PRP) PDGF and TGF-b in the PRP preparation, 
increases platelet -Platelet count study: Counts done on each 
concentration when patient yielded a mean platelet count value of 
placed into grafts, 232,000. The PRP mean platelet count was 
showing the levels of at 785,000. 
least 3 growth factors -Assignment of radiographic graft maturity: At 2 
(PDGF, TGF-01 and and 4 months, the grafts without growth factor 
TGF+2). It also explores additions were assessed at or just below their 
the potential of PRP to actual maturity. At 6 months they were assessed 
increase the rate of bone at or just ahead of the actual graft maturity. The 
formation and enhance grafts with PRP additions were consistently 
new bone density and judged to be slightly more than twice their actual 
presents a model of bone maturity. The ratios were 2.16 at 2 months, 1.88 
graft bone regeneration at 4 months, and I,62 at 6 months. 
and how PRP may -Six-month graft assessment with monoclonal 
enhance bone antibodies: At 6 months, continued production of 
regeneration in this TGF-b was seen. Monoclonal antibodies 
model. identified TGF-b but not PDGF by marrow stem 

cells and endosteal osteoblasts, The TGF-b 

This study shows that PRP is an 
enhanced source of PDGF and TGF-P.. 
The cancellous cellular marrow graft 
was shown to contain cells responsive 
to these growth factors and addition of 
these bone growth factors to the graft, 
through the use of PRP, produced 
quantifiably enhanced bone maturation 
and density in comparison to grafts 
performed without the addition ofPRP. 
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“A SOURCE OF 
AUTOLOGOUS 
GROWTH FACTORS 
FOR BONE GRAFTS. IN 
TISSUE 
ENGINEERING: 
APPLICATIONS IN 
MAXILLOFACIAL 
SURGERY AND 
PERIODONTICS” 
By: R.E. Marx 

Quintessence Publishing 
Co., Inc. 1999 
“TRICALCIUM 
PHOSPHATE CERAMIC 
AS IMMEDIATE ROOT 
IMPLANTS FOR THE 
MAINTENANCE OF 
ALVEOLAR BONE IN 
PARTIALLY 

Control (No. of 
Patients) 

Results Conclusions 

positive cells were noted to be concentrated on 
the trabecular bone endosteal surface, on the 
periosteal surface, and within active marrow stem 
cells. 
-Six-month graft assessment with 
histomorphometry: Bone grafts in general 
produced a trabecular bone area greater than that 
of native posterior mandible. Bone grafts with 
growth factors added by means of PRP 
demonstrated even greater trabecular bone 
density than did bone grafts without PRP. 

The results indicate that PRP addition 
accelerated the rate and degree of bone formation 
in bone grafts. It also showed that growth factors 
in platelets can be sequestered, concentrated, and 
added to bone grafts along with a fibrin network. 
Cancellous marrow grafts contain cells with 
PDGF and TGF-b receptors as the targets of PRP. 

Text book chapter on the use of growth factors, specifically autologous PRP, to enhance wound healing. Review of preparation 
methods and applications of PRP for cancellous cellular marrow bone grafts, and the role of several important growth factors in 
PRP including PDGF, TGF-l3, , and TGF& , and IGF-I, Review of the stimulation of cellular activity in bone grafts that are 
:nhanced with addition of PRP. PRP-initiated bone regeneration is a magnification or enhancement of the natural bone 
regeneration pathway. 
PRP has a documented clinical track record and has been shown to increase the rate of clinical graft consolidation and to produce a 
more mature and dense bone graft than grafts without PRP. 

4ssess TCP as 
m immediate 
Toot implant in 
maintenance of 
Ilveolar bone. 
lkee (3) 

Mirror image of 
5 sockets on 
contralateral 
side of each 
patient. 

Healing was uneventful and there was no 
evidence of inflammatory reaction or 
immunological rejection. In most implant sites 
an apparent prominence in height and width was 
observed. The control sockets showed a 
decrease in height of the aveolar bone compared 

TCP implant inextraction sockets 
assisted in maintenance of height and 
width of alveolar bone. No 
immunological reaction or toxic effects 
were observed. No problems 
encountered in preparation, storage, or 



I 

Reference No. Title, Author, and 
Synopsis 

ENDENULOUS 
MANDIBULAR JAWS. 
A CLINICAL STUDY.” 
By: J.K. Mathai, S. 
Chandra, K.V. Nair, K.K. 
Nambair 

Aust Dent J 1989 

55 

56 “INTRAINDIVIDUAL 
COMPARATIVE 
ANIMAL STUDY OF 
ALPHA- AND BETA- 
TRICALCIUM 
PHOSPHATE 
DEGRADATION IN 
CONJUNCTION WITH 
SIMULTANEOUS 
INSERTION OF 
DENTAL IMPLANTS” 
By: H.A. Merten, J. 
Wiltfang, U. Grohmann, 
J.F. Hoenig 

Test Article (No. Control (No. of 
of Patients) Patients) 

f 
patients with five 
TCP implants. 
Standard full- 
thickness, 
m icroperosteal 
flaps were 
raised, 
extractions were 
made, TCP 
implanted, and 
flaps 
repositioned and 
sutured. Patients 
assessed at 1, 12, 
20, and 78 
weeks post 
implantation. 

Assess 
degradation 
characteristics of 
a- and /3-TCP 
using adult 
Goettinger 
m iniature pigs. 
Proximal tibia1 
marrow defects. 
Left side of 
defect filled with 
/3-TCP and right 
side filled with 

Control defects 
were made in 
two other 
animals, 

Results 

to the implant. No conclusive evidence of bone 
regeneration at the implant sites. However, 
alveolar bone appeared to resorb at a faster rate at 
control sites compared to implant sites. 

-The Specificity of the Inhibition of DNA 
Synthesis by Bradykinin: Endothelin, 
vasopressin, and des-arg9 bradykinin had little 
inhibitory activity, suggesting that the inhibition 
of EGF-mediated DNA synthesis is specific for 
bradykiiin through its B2 receptor, 

Both a- and P-TCP were osteoconductive. 
Centripetally oriented angiogene bone 
regeneration occurred at the margins of the 
circular defects. Ceramic degradation occurred 
both hydrolytically and within cells. Within 86 
weeks, nearly 80% to 90% of the larger a-TCP 
granules, and nearly 90% to 95% of the B-TCP 
granules were degraded. Especially for the a- 
TCP, ceramic m icroparticles were found in the 
marrow either unbound or within polynuclear 
macrophages. 

Conclusions 

----I , 
implantation of TCP encountered. NO 
specialized skills required for TCP 
implantation, Long-term evaluation of 
TCP in larger population is justified, 

Intra- and transtrabecular m icrocracks 
could be detected but only ,in the a- 
TCP implants. P-TCP resulted in 
faster degradation and m icro-osseous 
conduction, and exhibited better tissue 
response in comparisonto a-TCP, 
Due to initial pronounced 
accumulation of macrophages, dental 
implants should not be inserted 
simultaneously with ceramic but after 
further progress of ceramic 
degradation. 



Reference No 

57 

Title, Author, and 
Synopsis 

J Craniofac Surg 2001 

‘The functional 
interaction of EGF and 
?DGF with bradykinin in 
:he proliferation of human 
:ingival fibroblasts” 
3y: B.S. McAllister, F. 
Leeb-Lundberg, J.T, 
tiellonig, and MS. Olson 

synopsis: This study 
:xplores the effects of 
n-adykinin on growth 
actor-induced DNA 
synthesis in cells of the 
)eriodontium and 
)rovides proposed 
nechanisms involved in 
his interaction. 

Test Article (No. 
of Patients) 

of-TCP. Dental 
screw implants 
were inserted in 
each ceramic. 
Reorganization 
and degree of 
bone 
regeneration, and 
degradation 
characteristics 
measured. 
Gingival, bone, 
and periodontal 
ligament 
explants were 
taken form 
healthy human 
patients 

Control (No. of 
Patients) 

N/A 

Results 

-Arrest of DNA Synthesis in Confluent Cells: A 
4-hour serum-free period reduced optimally cell 
signaling to basal levels. A total of 24 hour 
serum-free followed by a 4 hour pulse label 
resulted in very low levels of DNA synthesis. 
Twenty four hours after growth factor 
stimulation, for a total of 24 hours in a serum-free 
environment, a 4 hour pulse labeling tias 
performed to mimic the physiological state of 
cells just prior to, the initial phase of stimulation 
during wound heahng. 
-Effects of Bradykimn on EGF- and PDGF-BB 
Induced DNA Synthesis: EGF- and PDGF-BB 
were both found to stimulate DAN synthesis in a 
concentration dependent manner. Bradykinin 
inhibited GF-induced DNA synthesis. This 
suggested that the inhibitory effect of bradykinin 
is a specific intracellular signaling event. The 
degree of inhibition by bradykinin was less in 
PDGF-BB stimulated cells. The extent of 
inhibition of EGF-mediated DNA synthesis by 
bradykinin varied, but was mostly 90-100%. The 
inhibition of PDGF-mediated DNA synthesis 
varied, with most at SO-60%. 
-PGEz Release and Involvement in the 
Bradykimn-Mediated Inhibition of EGF-Induced 
DNA Synthesis: Cells stimulated with bradykinin 
released PGEl and this release was potentiated 

Conclusions 

rhPDGF-BB and EGF both stimulate 
DNA synthesis in periodontal ligament 
and alveolar bone cells. EGF-induced 
proliferative responses, and to a lesser 
extent PDGF-induced proliferation, are 
inhibited by bradykinin via a CAMP 
dependent pathway. Supplemental 
application of PDGF may be needed to 
overcome the inhibitory effect of 
bradykinins in growth factor mediated 
tissue repair. 



Reference No. Title, Author, and Test Article (No. Control (No. of Results Conclusions 
Synopsis of Patients) Patients) 

when bradykinin was added in combination with 
EGF. Pretreatment with indomethacin 
completely blocked the bradykinin-stimulated 
release of PGE2. When indomethacin was 
examined as an inhibitor of the bradykinin effect 
on EGF-induced synthesis, indomethacin 
abolished the inhibitory effect of bradykinin 
further supporting a PGE2 dependent mechanism 

increased osteoblast number and osteoblast 
perimeter without consistent changes in 
osteoclast estimates, The systemic 
administration of rhPDGF-BB also decreased 

and 16 weeks post-implantation 
were excised and processed for 

Boone, A.H. Kafrawy, At 2 days all implants were associated with However, the TCP appeared to be an 
and D.F. Mitchell moderate inflammatory reactions with PM&, excellent vehicle for osteogenic 

lymphocytes, and occasional plasma cells in the marrow, with the combination .of TCP 
Synopsis: This study connective tissue that surrounded the implant. and marrow resulting in extensive 
explored the hypothesis The interstices of the ceramic were infiltrated 
that autogenous marrow with fibrin and some leukoctyes. Other reactions 
or calcitonin applied over were mild with scattered round cells. Both the 
the surface of a porous uncoated and coated ceramic interstices were 
biodegradable ceramic infiltrated with granulation tissue that matured 
would be associated with into fibrous connective tissue with no evidence of 
bone formation when the bone formation. 
ceramic was implanted At 4 weeks and thereafter, bone was evident 
subcutaneously in rats. surrounding and infiltrating the pores of all 

marrow coated TCP implants. The new bone was 

emodellmg. Degradation 



Synopsis of Patients) Patients) 

s9 “The effect of rhPDGF-BB; 33 8 vehicle (PBS -DXA: Spine BMD decreased by 5% after The systemic administration of 
Systemically female Sprague- alone) ovariectomy in vehicle animals, In the animals rhPDGF-BB increased bone mass, 
Administered rhPDGF- Dawley rats treated with PDGF or alendronate alone, spine density, strength and osteoblast cell 
BB on the Rodent rendered acutely BMD increased about 8 to 9 %. The combination numbers throughout.the skeleton (in 
Skeleton” estrogen - treatment of both produced an 18% increase in both long and flat bones). The 
By: B.H. Mitlak, R.D. deficient by spine BMD. The combination also produced a effectiveness of rhPDGF-BB was 
Finkelman, EL Hill, et al. ovarectomy were higher whole skeleton BMD increase than each generally equal to or greater than 

randomized to alone. alendronate (Fosomax). The combined 
Synopsis: This study treatment -QC!T: Along the femoral diaphysis, PDGF treatment of rhPDGF and alendronate 
evaluates the effect of administered by treatment caused significantly greater bone resulted in a greater increase than 
rhPDGF-BB tail vein mineral content (BMC) than in the vehicle either agent alone. Thus, rhPDGF-BB 
(administered injection, every animals. PDGF treatment alone resulted in stimulated bone formation and strength 
systemically) on the other day for 6 higher BMC than alendronate alone. The throughout the skeleton. 
skeletons of sexually weeks. combination resulted in higher BMC at all sites 
mature, estrogen-deficient than alendronate alone or the vehicles, but not 
rats. Treatment higher than PDGF alone. In the metaphyseal 

groups included sites treatment with PDGF (with or without 
control (8) using alendronate) significantly increased the 
PBS; rhPDGF- diaphyseai cortical volume. 
BB Zmg/dose . -Proximal Tibiae and vertebrae structure: In 
(8); rhPDGF-BB vehicle treated animals, the growth plate was 
%mg/dose + narrow and clearly defined. In animals treated 
alendronate with PDGF (with or without alendronate), the 
0.075mgfdose growth plate was mineralized by canceflous bone. 
(9); ad In the vertebrae, the growth plate was narrowed 
alendronate and less ceHular. In both tibiae and vertebrae of 
0.075mgldose PDGF treated animals, increases in trabecular 
(8) density in the secondary spongiosa were seen. In 

animals treated with alendronate alone, growth 
plates were well defined and some of the primary 
spongiosa was replaced by mineralized cartilage. 
In animals receiving the combination treatment, 
increased trabecular density and architecture 
were seen in the primary and secondary 
spongiosa 
-Biochemical tests: Serum calcium, albumin, 
glucose, and creatinine concentrations, alkaline 
phosphatase activity, and creatinine clearance 



Reference No, Title, Author, and Test Article (No. Control (No. of Results Conclusions 
Synopsis of Patients) Patients) 

were not different among any of the groups. 
Serum inorganic phosphate and osteocalcin were 
increased in PDGF-treated animals compared 
with vehicle animals, Alendronate treatment 
caused a decrease in mean serum osteocalcin 
level, and this was opposed by the 
coadministration of PDGF. 
-Biomechanical testing: rhPDGF-BB 
administration significantly increased vertebral 
body compressive strength and femoral shaft 
torsional stiffness and resulted in trends toward 
enhanced femoral head shearing strength. 
Coadministration of rhPDGF-BB and alendronate 
further enhanced these indices of bone strength. 

50 Mohan S, Baylink DJ. 
Therapeutic potential of 
TGF-R, BMP, and FGF in 
the treatment of cone loss. 
Principles of Bone 
Biology, 1996; 1 I 1 l-23, 

51 “Enhancement of Primary cultured 0 cells, Ceils were evaluated at different intervals and the The osteoblasts exposed to 2% 
Osteoblast Proliferation in osteoblastic cells proliferation assay with (Cy-Quant Cell DFDBA and enhanced with a 
vitro by Selective harvested from A control group Proliferation System), Analyses were done at combination of growth factors 
Enrichment of 1 -day -old with 2% days 0,7, 14,21 and 28. There was a statistically including IGF, TGF-fi, and PDGF 
Demineralized Freeze- neonatal mice. residual significant difference at day 7 with combination showed a significant difference at day 
dried Bone Allograft with The calvaria of calcium growth factors IGF-LITGF-P, IGI-i/PDGF and 7 compared to controls. The DFDBA 
specific Growth factors” these mouse DFDBA PDGF/TGF-fi compared with controls. as a carrier appear tp be required for 

pups were without these growth factors to stimulate an 
By; D.A. Mott, J. digested and additional increase in cell proliferation, 
Mailhot, M,F. Cuenin, M. frozen for use, growth factors 
Sharawy, & J. Borke Individual growth factors IGF-I, 

2% residual Addition of PDGF, and TGF-P all showed a 
2002 Journal of Oral calcium-DFDBA growth factors noticeable effect and a signif%@ 
Implanlol. and to 1% and 10% increase in proliferation when adsorbed 

supplemented by fetal bovine in DFDBA at day 14. 
Synopses: The purpose of one or serum 
this study is to determine combinations of 
what effect, if any, Growth factors; 



Reference No, 

62 

63 

Title, Author, and 
Synopsis 

decalcified Freeze-Dried 
Bone Allografts 
(DFDBA) enriched with 
specific growth factors 
has on the in vitro 
proliferation of murine 
osteoblasts. 

“B-tricalcium phosphate 
as a bone substitute for 
dorsal spinal fusion in 
adolescent idiopathic 
scoliosis-preliminary 
results of a prospective 
clinical study” 
By: M. Muschik, R. 
Ludwig, S. Halbhiibner, 
K. Bursche, and T. Stoll 

Synopsis: This study 
evaluates the performance 
of S-TCP in granular 
form in human dorsal 
spine fusion and assesses 
the quality of bone fusion 
obtained in the treatment 
of adolescent idiopathic 
scoliosis. 
“Effect of platelet-derived 
growth factor on tibia1 
osteotomies in rabbits” 

Test Article (No. 
of Patients) 

transforming 
growth factor-/3 
(TGF-P), insulin- 
like growth 
factor-1 (IGF-I), 
platelet-derived 
growth factor 
(PDGF), 
fibroblast growth 
factors basic 
(bFGF), or 
vascular 
endo thelial 
growth factors 
(VEGF). 

B-TCP mixed 
with autograft, 9 
patients with 
idiopathic 
scoliosis 

:hPDGF-BB; 7 
rabbits in the 
:xperimental 

Control (No, of 
Patients) 

Autograft bone 
mixed with 
allograft bone; 
19 patients 

Collagen 
vehicle; 7 
rabbits in 

Results 

Significant correction of the spine was achieved 
by surgery in both groups. No significant 
differences were noted in blood loss during the 
operation, transfusion of blood, and operation 
time. CT scans used to measure the bone mineral 
density revealed that BMD was 430&l 11 mg/cm3 
in the TCP group and 3372134 mg/cm3 in the 
allograft bone group. No pseudoarthrosis was 
observed, Resorption of the TCP was complete 
on radiographs after 822 months. No 
complications were noted that were related to use 
of P-TCP. 

The effect of rhPDGF-BB on bone healing was 
tested in unilaterial tibia1 osteotomy defects. 
Each osteotomy was injected with either collagen 

Conclusions 

This study shows that fi-tricalcium 
phosphate used in combination with 
autogenous bone for dorsal spinal 
fusion in adolescent idiopathic 
scoliosis is as effective as treatment 
using allograft bone in combination 
with autogenous bone. 

Clinical, radiographic, mechanical and 
histological data show that local 
implantation of rhPDGF-BB to tibia1 



Reference No, Title, Author, and 
Synopsis 

By: T.J. Nash, CR. 
How&t, C, Martin, I. 
Steele, K.A. Johnson, and 
D.J. Hicklin 

64 “ 1 7 Ill 3ioceramic Implants 
Surgically Produced 
Intrabony Defects” 
By: E.B. Nery, K.L. 
Lynch, W.M. Hirthe, and 
K.H. Mueller 

Synopsis: This study 
histologically evaluates 
the use of bioceramic 
material as a potential 
alternative to bone 
grafting. 

m 
grow 

TCP; 6 adult 
mongrel dogs 

Control (No. of 
Patients) 

control group 
(14 rabbits 
total) 

Sham surgery; 6 
dogs on 
opposite side of 
maxilla from 
test sites 

I Results 

or collagen containing 80 micrograms of 
rhPDGF-BB. Clinical observations, radiographs, 
strength tests and histology were use to assess the 
outcome at each site. At day 28, both tibiae from 
each rabbit were harvested and subjected to three 
point bending to failure. Results of the 
experimental side were compared to the 
unoperated contralateral tibiae. 
-Radiographicaliy at 2 and 4 weeks there was a 
clear increase in callus density and volume 
around the PDGF-treated osteotomies compared 
to controls. 
-Biomechanical testing: control tibiae treated 
with the collagen vehicle alone were significantly 
weaker than their nonoperated contralateral 
tibiae, whereas tibiae treated with rhPDGF-BI3 
had increased strength and were not significantly 
different from the normal contralateral tibiae. 
-Histologically, rhPDGF-BB treated tibiae had a 
more robust and advanced state of osteogenesis 
both endosteally and periosteally than the vehicle 
controls. 
1 week: Nonspecific inflammation with 
numerous proliferating endothelial cells is seen. 
Bone resorption and regeneration are seen 
concurrently in many areas. There is no evidence 
of new cementum being laid down on the tooth 
surface. The control defects are tilled with acute 
inff ammatory cells. 
2 weeks: Inflammatory responses have 
diminished, but budding capillaries and 
fibroblasts have proliferated, Some hemorrhages 
with a fibrin network border the implant. New 
reattachment is suggested. At the bottom of the 
defect, osteobiasts are seen. No ulceration is 
seen. In the control, giant cells seen earlier are 
fewer in number and intense osteoblastic activity 
is seen. 
4 weeks: Chronic inflammation is noted in the 

Conclusions 

osteotomies stimulates osteogenesis 
and functional fracture repair. 

The results show that TCP is well 
tolerated by tissue and produces no 
toxic reactions. Bone ingrowth into 
the pores and repair of the 
periodontium are clearly demonstrated, 
No significant hematological changes 
were observed. 





Synopsis: This study 
investigates whether TCP 
will function the same 
way in naturally occurring 
periodontal osseous 
defects as it does in 
healthy animal models 
with surgically created or 
induced periodontal 
osseous defects. The 
study assesses gingival 
tissues at the implant site, 
the change in pocket 
depth measurement, and 
blood chemistries. 

66 “Periodontal 
Regeneration in Humans 
Using Recombinant 
Human Platelet-Derived 
Growth Factor BB 
(rhPDGF-38) and 
Allogeneic Bone” 

Test Article (No. 
of Patients) 

rhPDGF-BB in 
three amounts 
0.5 mg/ml, 1.0 
mg/ml and 5.0 
mg/ml; 9 
patients- 11 
osseous defects. 

By: M. Nevins, M. 
Camelo, Marc Nevins, R. 
Schenk and S. Lynch 

2003 Int Journal of Perio 
& Restorative Dentistry 

Synopsis: The objective 
of this human trial was to 

1 Control (No. of 
Patients) 

Results 

-Gingival Index: The tissue healed within a 
period of 2 months with no evidence of an 
inflammatory response. Normal postoperative 
inflammation as a result of surgical trauma 
subsided in 3 to 4 weeks. 
-Pocket Depth: Radiographically, a significant 
coronal increase was seen in bone height when 
measured from the base of the intrabony defect 
the base of the amalgam marker. There was a 
mean gain (fill) of 5.2 mm. The ceramic material 
seems to blend with the surrounding bone, 
indicating that the radiographic density is the 
same for both the implant and the patients bone. 
At the interface between the root surface and the 
ceramic, the periodontal ligament space was 
difficult to discern, suggesting that there was 
inadequate space for development of the entire 
width of the ligament. 
-Blood Chemistries: Pre- and post-operative 
blood chemistry studies showed no significant 
changes. 

osseous defects, including both mandibular molar 
Class II furcation defects and interproximal 
intrabony defects. There were no safety issues 
associated with use of rhPDGF-BB administered 
in a bone matrix. Efficacy data demonstrated a 
favorable outcome clinically, radiographically 
and histologically following application of the 
rhPDGF-BB product. Clinical measurements of 
pocket depth (PD) and clinical attachment level 
(CAL) were significantly improved. 



Radiographic analysis suggested bone fill in the 
BB in an osteoconductive defects and no abnormal changes in bone 
matrix for treatment of architecture or root configuration. Histologic 
osseous periodontal analysis showed remarkable regeneration of bone, 

periodontal ligament and cementurn in both 
furcation defects and interproximal angular 
defects, especially in the 1 .O mg/mL group. 

67 “Mitogenic Effects of Human Culture medium rhPDGF-BB and rhPDGF-A4 were found to be 
Growth Factors on periodontal with 0.1% FBS potent mitogens for human PDL cells, maximally 
Human Periodontal ligament (PDL) was used as a 
Ligament Ceils In Vitro” 

enhancing the mitogenic response 12- and 1 O- 
cells dissected control fold, respectively. The mitogenic response for 

By: T.W, Oates, CA. from the mid- both PDGF isoforms increased in a dose- 
Rouse, and D.L. Co&ran root of 4 fully dependent manner. The addition of exogenous 

erupted premolar IL- IB to human PDL cells produced no apparent 
Synopsis: The purpose of and molar teeth mitogenic enhancement. High concentrations of 
this study was to IL- 1 B produced a statistically significant 
determine the effects of Culture medium inhibition of the mitogenic response compared to 
PDGF, IL-I and TGF-P containing either the controls. No time dependence was observed 
on human periodontal control during the 24-28 hour incubation period. TGF-B 
ligament (PDL) cell (O.l%FBS) or produced a significant increase in the mitogenic 
mitogenesis, and to test medium response relative to control levels. The 
identify the regulatory (PDGF-AA, concentration of 1 .O rig/ml produced the greatest 
influences of TGF-fl on PDGF-BB, IL- response, These responses were weaker than 
the response to PDGF and 1 p, and TGF-0) those of the PDGF isoforms. Unlike the PDGF 
IL-I. was added to isoforms, the TGF-B response after 48 hours was 

triplicate cultures greater than that measured after 24 hours of 
at various incubation. A maximal response was observed at 
concentrations. 32 hours, Pre-incubation with both 1 .O q/ml and 

10.0 rig/ml for 8 to 24 hours prior to IL-1B 
incubation showed a statistically significant 
enhanced mitogenic response over the levels of 
response achieved with no or 1 hour of TGF-B 
pre-incubation. PDGF-AA and BB produced 
enhanced responses with pre-incubation of 1 .O 
rig/ml of TGF-B for 8 to 24 hours before PDGF 
incubation. The PDGF-BB response was slightly 
enhanced with 10 rig/ml of TGF-B pre- 



Faidami A, Tsiklakis K. 

- Guided Tissue 

Demineralized Freeze- 
Dried Bone Allograft - in 
the Treatment of 
Intrabony Defects: A 
Clinical and Radiographic 

Furcation Defects of regeneration alone; 6 dogs show any significant differences in areas filled 
Beagle Dogs Using (GTR) barrier (one quadrant in with epithelium, inflamed tissue, new fibrous 
Guided Tissue membranes; 6 each dog) connective tissue, bone and PDL. At 8 weeks, 
Regenerative Therapy male beagle dogs the rhPDGF-BB-GTR group showed almost 
With Platelet-Derived (one quadrant in complete healing. The furcations were filled with 
Growth Factor” each dog) 80% new bone and 20% PDL, while the GTR 
By: J.B. Park, M. group had 26% unoccupied space, 3 1% inflamed 
Matsuura, K.Y. Han, 0. tissue and only 15% new bone. At 11 weeks, the 
Norderyd, W,L. Lin, R.J. rhPDGF-BB-GTR sites remained completely 
Genco, and MI. Cho healed with 87% new bone and 13% PDL. The 

GTR group progressed over its results at 8 weeks 
Synopsis: This study but still had less fill than the rhPDGF-BB treated 
compares rhPDGF-BB sites. Overall, the furcation defects of the P-GTR 
guided tissue regenerative group advanced faster and more effectively than 
therapy (P-GTR) and those of the GTR group. 
guided tissue regenerative -Histological Observations: 
therapy alone (GTR) for Repair of defects around fourth premolars 
their ability to effectively -8 weeks: GTR defects showed the least repair 
repair and regenerate among all the samples in the study. No bone 
bone and periodontal formation or cementum was observed, The 
ligament in large defects in P-GTR showed almost complete 
horizontal furcation regeneration. No signs of ankylosis or root 
defects in dog mandibles. resorption were found. 



Reference No Title, Author, and 
Synopsis 

“Controlled release of 
platelet-derived growth 
factor from porous poly 
(L-lactide) membranes for 
guided tissue 
regeneration” 

By: Y.J. Park, Y. Ku, C.P. 
Chung, S.J. Lee 

August 1998 J Control 
Release 

Synopses: The aim of this 
study was to design a 

Test Article (No. 
of Patients) 

‘n vitro activity 
;tudies: 
3ingival 
‘Ibroblast 
suspension 
: Ix 10’ cells/ml) 
n cultural media 
‘DMEM) were 
ncubated with 
,eleased samples 
,f PDGF-BB 
iom PLLA 
nembranes or 
standard PDGF- 
3B solution. 

‘ 

I 

1 

1 
f 
i 
i 
1 
I 
1 

Control (No. of 
Patients) 

4-MEM control 
aedia for the in 
vitro studies. 

Eats with 
:ircuiar defects 
.mtreated with 
w 
.egenerative 
naterial for the 
‘n vivo studies. 

Results 

- 11 weeks: GTR therapy furcation defects still 
were not completely healed. Healthy connective 
tissue was seen between inflamed connective 
tissue and new alveolar bone. After P-GTR 
therapy, the far-cation lesion was completely 
regenerated. Repair of defects around second 
premolar5 
-5 weeks: GTR therapy produced more advanced 
healing than those of the fourth premolar-s at 5 
weeks. A thin layer of fibrous connective tissue 
along the root surface extended coronally close to 
the epithelium. A small amount of new bone and 
cementurn started to form. P-GTR therapy 
produced complete healing in the lesion, filling 
the furcation with new bone, new fibrous 
connective tissue, and PDL. Although 
mineralized cementum was not observed at this 
time, collagen was deposited on the root surface. 
-8 weeks: Healing of the GTR sites improved and 
was comparable to the 5 week P-GTR sites. The 
P-GTR lesion showed complete regeneration with 
new cementum on the root surface, alveolar bone, 
and PDL. 

In vitro: PDGF-BB released from PLLA 
membrane showed almost the equivalent cell 
migration activity (98.3%) as compared to 
standard PDGF-BB solution, 

In vivo: In the control rats, connective tissue 
spanned host bone margin and defect was 
penetrated by connective tissue (CT), There was 
no evidence for new bone formation. 

In membrane treated defect, small amount of new 
bone was formed beneath membrane during 2 
week implantation period, and fibrous tissue 
bridged the remaining defect gap. Indication of 
reunion of new bone was not observed in this 



Reference No. Title, Author, and 
Synopsis 

PDGF-BB releasing 
’ porous poly-L-lactide 

(PLLA) membrane for 
guided tissue regeneration 
(GTR). 

71 “Controlled release of 
platelet-derived growth 
factor-BB from 
chondroitin sulfate- 
chitosan sponge for 
guided bone regeneration” 

By: Y.J. Park, Y.M. Lee, 
J.Y. Lee, Y.J. Seol, C.P. 
Chung, S.J. Lee 

2000 Journal of 
Controlled Release 

Synopses: The aims of 
this study are to design a 
way of controlling growth 
factor delivery by 
fabrication of a PDGF-BB 
releasing porous 
chondroitin4-sulfate 
(CS)-chitosan sponge. 
1) To achieve steady 

Test Article (No. Control (No. of Results 
of Patients) Patients) 

! In vivo studies: 
(Sprague- 

i Dawiey rats) PDGF-BB 
loaded PLLA 
membranes were 

~ placed in 5 mm 
circular defects 
of the rat 
calvarial disc. 
Rats were 
sacrificed in 1 
and 2 weeks 
after 
implantation. 
Primary cultures 
of rat caivarial 
cells were 
dissected from 
2 1 -day-old 
Sprague-Dawley 
rat fetus and then 
striped of 
periosteum and 
loosely adherent 
tissue, Aliquots 
of 20 ~1 of cell 
suspension were 
seeded on top 
fop rewetted CS- 
chitosan sponges 
(density of 10’ 
cells/sponge) and 
incubated for 7 
days. 

Chitosan 
sponges devoid 
of CS. 

period. 

In PDGF-BB loaded PLLA, membranes treated 
defects, after 1 week, significantly high amount 
of osteoid tissue and new bone were formed 
beneath membrane and osseous bridge was 
developed. New bone formation continued up to 
2 week implantation period and complete bony 
reunion was achieved. 

Release of PDGF-BB was efficiently sustained as 
the content of CS in chitosan sponge increased. 
Initial bursts of PDGF-BB was reduced and the 
following release rate atier initial burst was 
higher and more steady than that of chitosan 
sponge devoid of CS. 

After an initial release of 90 ng, PDGF-BB was 
consistently released from CS (20%)~chit&an at a 
rate of 4-5 rig/day. Significantly leveling off in 
PDGF-BB release was not observed. 

In vitro experiments revealed that seeded 
osteoblasts proliferated throughout the 14-day 
period. PDGF-BB-loaded CS-chitosan sponge 
markedly enhanced cell proliferation rate up to 14 
days. 



To control porosity of 
sponge due to ionic 
cervation between 

retrospective radiographic 
outcome assessment study 
of intra-bony defects 

and further increased by a combination of PDGF, (osteoblasts) .as well as 
with Human Fibroblasts” TGF-/Cl and EGF. When testing responses to fibroblasts. Co-administrati~ of EGF 

combinations of growth factors, EGF and TGF-B and TGF increased proliferation of 
only slightly enhanced the proliferation of bone bone cells but not fibroblasts. These 
derived cells over the negative control. The findings indicate that the factors that 

Synopsis: This study in DMEM with combination of PDGF and either EGF or TGF-B regulate osseous regeneration may 
investigates the growth differ from those involved in repair of 
factor response of normal soft tissue wounds, but that PDGF is 
human bone-derived cells and TGF-B were added together and produced a likely to be important in the repair of 
utilizing growth factors response equal to 10% FBS. Radiographic both bone and soft tissue wounds, 
that may play a vital role studies showed that in cells incubated in 3% 
in osseous wound healing. platelet-poor plasma only 1.2% of the normal 
The results obtained were human fibroblast nuclei were labeled. In the 
compared with those bone-derived cells, 8.8% of the nuclei were 
observed for normal labeled. Thus, a much larger number of bone- 
human fibroblasts. derived cells synthesize DNA under conditions in 

which fibroblasts are inactive. Also, human 
fibroblast and bone-derived cells were incubated 



k<ererence NO. l-me, Author, and Test Article (No. Control (No. of Results 
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“Platelet-derived growth 
factor and bone 
morphogenetic protein in 
the healing of mandibular 
fractures in rats” 

By: L, Rasubala, H. 
Yoshikawa, K. Nagata, T. 
Lijima, M. Ohishi 

2003 British Journal of 
Ural and MaxilIofacial 
Surgery 

Synopses: This study 
investigates the effects of 
platelet-derived growth 
factor-B (PDGF-B) and 

Unilateral closed 
fractures were 
created in the 
mandibles of 
thirty Wistar rats 
(aged 12 weeks). 

Rats were 
sacrificed on 
days 3,7, 14, 
and 2 1 after the 
operation and 
anti-BMP-2 
antibody and 
rabbit polyclonal 
anti-PDGF-B 
antibody washed 
over the excised 
mandibles. 

As negative 
controls, normal 
goat IgG, 
normal rabbit 
IgG and normal 
mouse IgG 
were used 
instead of the 
primary 
antibodies. 

I Conclusions 

insignificant. Thus, factors in platelet-poor 
plasma that are absent in insulin, IGF, and 
transferrin support DNA synthesis in bone- 
derived cells but not normal human fibroblasts. 
For the human fibroblasts, all combinations with 
PDGF produced a significant increase in cellular 
proliferation equal to that of 10% FBS. When 
EGF and TGF-B were incubated without PDGF, 
no increase in fibroblast proliferation above the 
negative control was seen. When growth factors 
were added to DMEM supplemented with BSA 
without plasma or serum factors, no single 
growth factor maximally stimulated DNA 
synthesis in bone-derived cells. The combination 
of EGF, TGF-B, and PDGF produced greater 
than a 400% increase in DNA synthesis, which 
was statistically equivalent to the 10% FBS 
stimulation. Addition of IGF to this combination 
produced a response equal to the 10% FBS 

positive control. 
By day 3 after the fracture, PDGF-B can be 
detected in some of the macrophage-like cells in 
the haematoma adjacent to the fracture site, but 
this was not present in the periosteal ceils. 
On the other hand, most of the proliferating 
periosteal cells, except for the cells around the 
periosteum, showed staining for BMP-2 in the 
cytoplasm, 

By day 7, PDGF-B and BMP-2 were common 
among the cells lining the observed newly formed 
woven bone. In the endochrondral ossification 
area, precursor cells of chrondrocytes showed the 
most intense staining for PDGF-B and BMP-2. 

By day 14, there was intense staining of PDGF-B 
and BMP-2 in the osteoblasts lining the calcified 
cartilage matrix and woven bone. 

This study concludes that PDGF-B and 
BMP-2 have different regulatory 
functions during the healing of the 
mandibular fractures. PDGF-B was 
associated with the proliferation and 
migration of primitive mesenchymal 
cells and BMP-2 was reiated to the 
differentiation of mesenchymal cells 
into osteoblasts and chondroblasts. 

I 



immunohistochemical 

By: G.C. Shatterman, K. 
Morrison-Graham, A. 
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~ 

Pope 

1992 Development 

Reynolds MA, 
Aichelmann-Reidy ME, 

“Branch-Mays GL, 
Gunsolley JC. The 
Efficacy of Bone 
Repiacement Grafts in the 
Treatment of Periodontal 
Osseous Defects. A 
Systematic Review. Ann 

76 
dual growth factor 
delivery” 

1 Perigdontof. I 
( “Polymeric system for 1 In vitro studies: 

Release rates and 
bioassay using 
cell proliferation 
assays with 
smooth muscle 
cells and 
endothelial cells. 

By: Thomas P. 
Richardson, Martin C. 
Peter, Alessandra B. 
Ennett and David J. 
Mooney 

In vivo tests: 

Control (No. of 
Patients) 

Normal mice 
embryos 

Lewis rats with By combining two approaches for the 
blank scaffolds incorporation of growth factors, VEGF in vitro 
(no growth release rates were 1.7 pmollday (79 rig/day) for 
factors) the first seven days followed by a slower delivery 
implanted into rate. While the release rates of PDGF from 
the sub- scaffolds varied from 4.2 pmoYday to 0.10 
cutaneous pmol/day by altering the degradation rate of the 
tissue. polymer using various polymer formulations and 
Growth factors molecular weights. The first approach involves 
injected alone mixing lyophilized VEGF with polymer particles 

Results 

By day 2 1, PDGF-B was no longer detected. 
’ BMP-2 can still be detected in the osteoblasts 

lining trabecular bone. 

~ The PDGF receptor alpha-subunit (PDGFR- 
alpha) can bind both the A and B chains of 
PDGF. By 9.5 days of development, embryos 
homozygous for the deletion of the PDGFR-alpha 
display obvious growth retardation and 
deficiencies in mesoderm structures and many 
die. Those that survive later develop a series of 
connective tissue defects. In situ hybridization 
and Northern blot analysis show that PDGFR- 
alpha is important for formation of the axial 
skeleton. Absence of the PDGFR leads to severe 
skeletal abnormalities. 

The article is provided in Appendix 10.22. 

Conclusions 
,’ 

This study demonstrates that PDGF 
plays a critical function in the normal 
development of the skeleton and that 
the absence of its activity as a result of 
a mutation of the PDGFR-alpha,leads 
to severe skeletal defects. 

This study documents that dual 
delivery of growth factors involved in 
distinct aspects of vascular 
development is critical to the rapid 
formation of mature vasculature. 

Sustained, localized delivery of two 
growth factors both initiates formation 
of a significant number of blood 
vessels and induces their maturation, 



Reference No, Title, Author, and 
Synopsis 

Test Article (No. Control (No. of Results Conclusions 
of Patients) Patients) 

200 1 Nczture Lewis rats - sub- or together into 
Biotechnology 

before processing the polymer into a porous 
cutaneous blank scaffolds scaffold. The second approach involves pre- 
implantation. at the time of 

Synopses: This study 
encapsulating a factor in PLG microspheres. 

implantation 
tests the hypothesis that In vivo model of leading to short- 
dual delivery of VEGF 

In vivo results: Growth factors injected alone or 
therapeutic term presence together in the scaffold at implantation reveal 

and PDGF can direct the angiogenesis of growth relatively few mature blood vessels at 2 & 4 
formation of a mature Non-obese factors in the weeks. 
vasculature, as compared diabetic (NOD) implant site. However, with sustained & localized release with 
to the delivery of VEGF mouse model an appropriate combination of VEGF & PDGF:- 
or PDGF delivered alone. subjected to VEGF alone led to a sharp increase of 
The polymeric scaffold femoral and vein angiogenesis, but resulting in small vessels with 
fabricated from ligation. little matrix or mural cell association. 
poly(lactide-co-glycolide) Sustained PDGF alone did not signiiicantly alter 
(PLG) allowed dual the density of blood vessels although the existing 
delivery of vascular blood vessels appeared larger. 
endothelial growth factor In contrast, the dual-release scaffolds led to an 
(VEGF)- 165 and platelet- elevated density and apparently more mature 
derived growth factor vessels. After 4 weeks, the differences were 
(PDGF)-BB resulting in notable leading to a higher blood vessel density 
the rapid formation of a and more mature larger vessels, 
mature vascular network, 

In vivo model of therapeutic angiogenesis: 
Measurement of induced collateral 
vascularization in a hind limb ischemia model in 
NOD mice with dual delivery of both factors 
resulted in a statistically significant increase in 
density of vessels positively stained for OL smooth 
muscle actin (marker for pericytes & smooth 

By, R.B. Rutherford, 
C.E. Niekrash J.E. 

attached fibers. New bone formed on .the crest of 
alveolar septa. The rhPDGF/Igf-I treatment was 
significantly more effective in stimulating 
regeneration than either placebo or debridement- 

controlled dual release of two distinct 
.~ 

The therapeutic regimen of 
rhPDGF-BB or -AA with IGF- 1 was 
effective for the treatment of osseous 
periodontal defects in primates. This 
growth factor treatment resulted in 
regeneration of nearly 50% of the lost 
attachment compared to 14% observed 
with control (vehicle) treatment alone. 
This finding suggests that predictable, 



r’r 
, 

whether addition of 
rhPDGF and rhIGF-I in a 
carrier vehicle to debrided 
osseous lesions in 
monkeys can lead to 
regeneration of bone, 
cementum, and ligament, 
i.e., regeneration of a new 
attachment apparatus. 

78 “Bone Formation in 
Tricalcium Phosphate- 
Filled Periodontal 
Intrabony Lesions. 
Histological Observations 
in Humans” 
By: J.L. Saffar, M.L. 
Colombier, and R. 
Detienville 

Synopsis: This study 
evaluates the capacity of a 
tricalcium phosphate 
(TCP) ceramic to promote 
bone formation after 
grafting intrabony 
periodontal defects in 
humans. The data were 
collected from patients 
having reentry surgery 
16-40 months after 
original implantation, 

Test Article (No, 
of Patients) 

5 biopsies from 4 
patients treated 
with TCP to fill 
deep, wide 
intrabony 
periodontal 
defects. 

Control (No. of 
Patients) 

N/A 

~ 
treated lesions. Lesions with vehicle or 
debridement did not form a detectable new 
cementurn, and ligament fiber bundles were 
evident. The growth of new tissue was not 
related to the presence or absence of 
methylcellulose vehicle. In the control lesions 
where loose fibrous connective tissue formed, it 
was parallel to the root and not in the more 
functionally configured state as seen in the 
growth factor treated lesions. The new 
attachment observed with the combined treatment 
of PDGF-AA or -BB with IGF-1, extended 
coronally to regenerate an average of about 50% 
of the linear distance from the apical extension of 
the notch to the cementoenamel junction 
compared to 14% observed in the control lesions. 

-Case I (Biopsy at 16 Months): Bone and 
granules were easily distinguished, since they 
stained differently. The granules were 
surrounded by densely arranged bundles of fiber 
continuous with the framework of the already 
mineralized bone. Diffuse areas of 
mineralization were seen at the interface between 
the matrix and medullary spaces. One end of the 
biopsy was made of lamellar bone, with modified 
TCP in cantact with it, 
-Case 2 (Sampling at 16 Months): The biopsy 
consisted of bone and endosteaf spaces. The 
bone was thick with many parallel lamellae. The 
endosteal spaces were either vascular channels or 
spaces with large vessels and fibrous tissue. 
There was no clear-cut separation between the 
new and old bones. Remnants of graft particles 
were seen, but were cell-free and in intimate 
contact with bone. 
-Case 3 (Sampling at 18 Months): Most of the 
granules were of unchanged appearance and were 
in a highly cellular, fibrous, and poorly 

Conclusions 

clinically significant gains in new bone 
and attachment may be possible 
through the implantation of rhPDGF 
and rhIGF, in debrided osseous lesions. 

The data obtained from this study 
indicate that TCP is biocompatible, 
provides a scaffold for new bone 
formation and is degraded over time. 
[Adjunction with biologic stimuli (e.g. 
growth factors) may be necessary to 
achieve more robust bone 
regeneration.] 



were due to the patients’ underlying diseases and 
were a result of disorders commonly experienced 
in people with diabetes, such as myocardial 
infarction, cardiac arrest, and congestive heart 
failure. There was no correlation between deaths 
and treatment group. 
-Time to First Occurrence of Infection-Related 
Adverse Events: Patients treated with good ulcer 
care alone showed the shortest time before an 
infection related adverse event. The others 
showed similar times before the occurrences. 
-Changes in Clinical Laboratory Parameters: 
These values were generally comparable and not 
clinically meaningful, There was no correlation 
betwe,en changes in any laboratory parameter and 
treatment group. 
-Adverse Events Associated with the 
Cardiovascular System: There was no statistically 
significant difference in the incidence of 
cardiovascular adverse events for any of the 
becaplermin gel treatment groups when compared 
with control therapies, 

30 “CLOSED VERSUS 
OPEN DEBRIDEMENT A study to N/A No significant differences were found between In this study, both closed and open 
OF FACIAL GRADE II compare clinical the treatment groups for plaque, gingival or debridement therapies in furcations 
MOLAR FURCATION” responses of gingival fluid indices, changes in pocket depths were found to be successful in 
By: M. Schroer, t. Wahl, facial grade II or attachment levels. controlling intlammation. 
I. Hutchens, J. Moriarty molar furcations 

to scaiing and 
J Clin Periodontol 1997 root planing with 

and without 
surgical fIap 
access. 
15 patients 
providing 25 



ultrasonic and 
hand 
instruments, 
occlusal 
adjustment, if 
necessary, caries 
control, 
extraction of 
teeth, if 
necessary, and 
fabrication of 
parial dentures if 
required for 
cosmetics or 
function. 

Additional 
plaque calus was 
removed form 
teeth of interest 
atland 
months post 
initial 
periodontal 
therapy, At 4 
months, teeth 

Conclusions 



then followed at 

bones of the lower limb in the presence of bone that produces excellent results when 
defects. Both of these cases were treated with used to augment autogenous bone 

Synopsis: This study 
evaluates the effects of treated with a lo-hole narrow DCP with 

autogenous bone graft and P-TCP. K-wire 
stabilization and a mixture of autogenous bone 

combination with 



Reference No 

52 

13 

Title, Author, and 
Synopsis 

treatment. 

jhatterman GC, 
rilorrison-Graham K, Van 
Coppen Schroer M, Wahl 
r, Hutchens I, Moriarty J, 
3ergenholtz B. Closed 
lersus open debridement 
)f facial grade II molar 
hrcation, J Ciin 
‘eriodontol, 1997; 
8:323-29. 
Clinical Safety of 
3ecaplermin (rhPDGF- 
$B) Gel” 
3~: J.M. Smiell 

,ynopsis: This article 
Iresents an overview of 
he safety of becaplermin 
rhPDGF-BB) based on 6 
ontrolled clinical studies 
onducted in patients with 

Test Article (No. 
of Patients) 

3ecaplermin 
:rhPDGF-BB) 
qumerous 
zuman clinical 
;tudies; 538 
latients received 
hPDGF-BB; 
1,006 patients 
:onsidered in 
otal. 

Control (No. of 
Patients) 

Used in all 
studies; 190 
received good 
wound care and 
278 received 
placebo gel 

Results 

was placed at the fracture site, Two cases of 
fibrous dysplasia were treated with a bone graft 
and p-TCP mixture. Another patient with 
congenital pseudoarthrosis of the lower limb was 
treated with application of autogenous bone graft 
and P-TCP at the site. Posterior spinal fusion in 
another patient with congenital scoliosis was 
achieved with the same mixture. Three patients 
with bone cysts had procedures performed 
followed by the application of an autogenous 
bone graft and p-TCP mixture. Bone union and 
elimination of the defect were achieved in 12-20 
weeks in all cases. There were no significant pre- 
or post-operative complicatians in any case 
related to P-TCP. There were no cases of non- 
union or refracture. Bony union was achieved in 
all of the cases by 12 to 20 weeks. 

Absorption: 
Upon becaplermin gel application, only small 
changes that exhibited no relation to the treated 
surface area were noted. Thus, there is minimal 
potential for becaplermin gel to elicit adverse 
systemic reactions. 
Skin Irritancy and Sensitization Tests: 
No side effects or adverse effects were observed. 
One subject developed erythema at the vehicle 
site, while 4 others developed it at the saline site. 
[n a chamber scarification test conducted, no 

Conclusions 

The incidence of cardiovascular, 
respiratory, musculoskeletal, and 
central and peripheral nervous system 
disorders were similar across all 
treatment groups. Mortality rates were 
also similar across all treatment 
groups. Patients did not develop 
neutralizing antibodies against 
rhPDGF-BB. 
Therefore becaplermin appears to be a 
safe therapy for treatment of lower 



Reference No, I-- 
1 

Title, Author, and Test Article (No. Control (No. of Results Conclusions 
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lower extremity diabetic 
ulcers, 

adverse events were observed. A repeat insult 
patch test showed no side effects, no production 
of anti-PDGF-BB antibodies, or contact 
sensitization. 
Clinical Trials of Becaplermin Gel 
-Summary of Treatment Emergent Adverse 
Effects: In all studies, 357 of 538 patients treated 
with becaplermin reported at least one treatment- 
emergent adverse event. The overall incidence of 
at least one adverse event was higher for patients 
with good ulcer care alone (8 1%) than it was for 
those with treated with placebo gel (67%). The 
most common adverse events reported were 
infection, cellulitis, skin ulceration (at untreated 
sites), pain, and osteomyelitis. Infections were 
higher in the group receiving good ulcer care 
alone than with groups receiving becaplermin or 
placebo gel. Any dose of becaplermin gel 
resulted in 18% incidence of infection. Patients 
receiving good ulcer care alone had a higher 
incidence of pain, cellulitis, osteomyelitis, and 
skin ulceration than other treatment groups. 
-Ulcer Infection-Related Adverse Effects: The 
incidence of these events was highest in patients 
receiving good ulcer care only (33%) and lowest 
in patients treated with becaplermin at any dose 
(22%). A slightly higher percent of people with 
good ulcer care alone experienced resistance 
mechanism disorders than did patients with 
becaplermin or placebo gel. Patients treated with 
good ulcer care alone had a higher incidence of 
osteomyelitis and cellulitis than patients treated 
with placebo or becaplermin gel did. 
Erythematous rashes occurred in 2% of patients 
with suspected wound infections, but in none of 
the others. There was lower overall incidences of 
infection-related adverse events in the 30 pg/g 
becaplermin gel, and all becaplermin gel doses 
combined, but not in the IO0 ug/g becaplermin 

extremity chronic diabetic ulcers. 



r 

Ceramic in Human 
Periodontal Osseous 

By: A.J. Snyder, M.P. 
Levin, and D.E. Cutright 

Synopsis: This study 
evaluates tricalcium 
phosphate ceramic’s 
potential for the treatment 
of periodontal osseous 
defects in humans, due to 
its extremely desirable 

on 10 of the 17 patients and no residual ceramic 
was found. Of the 17 patients, 2 were failures well tolerated and in many cases 
since they involved extensive defects and resulted in new bone formation. 
originally had poor prognoses. The data of Although it was not found to be 
several patients was not obtained for various completely predictable in this study, it 
reasons. There was a mean decrease in pocket may become a useful graft material 
depth and a mean increase in attachment level in since it has the potential for osseous 
the patients who had 18 month reentry procedures repair in addition to its availability, 
performed on them. Use of the X-ray digital host acceptability, ease of 
subtraction technique allowed definitive manipulation, and storage advantages. 
postoperative radiopaque changes to be seen in 
areas originally exhibiting massive 
radiolucencies. Their was a mean of 2.8 mm of 
new bone formation measured upon reentry 
surgery. In 4 of the 10 cases, osseous repair was 
mater than 3 mm with 2 cases exhibiting 5 mm 

“Abnormal kidney Mutant BR mice High levels of B receptor expression were seen PDGF-P-receptor deficient mice 
development and during day 8.5, in the cephalic mesenchyme but were hemorrhagic, thrombocytopenic, 
hematological disorders in not in the heart. At days 9.5 and 10.5, expression and severely anemic, exhibited 
PDGF B-receptor mutant was more restricted, particularly to the heart, but defective kidneys and died shortly 
mice” B-geo-positive cells were observed in the somites before birth. The PDGF-/3 receptor is 
By: P. Soriano and mesenchyme of the limb buds. At day 12.5, critical for normal embryological 

high levels of expression were observed in the development in mammals; its absence 
Synopsis: To understand heart, choroid plexus, and vertebrae along the leads to severe developmental defects. 
the role of the PDGF Beta neural tube. 
receptor, this study -BR (PDGF B receptor) mutants die at birth: At 
introduces 2 mutations day 16, purpura (an accumulation of blood under 
into the gene by the surface of the dermis) was seen in l/3 of the 
homologous mutant embryos. The majority of the 
recombination in homozygous mutant embryos died perinatally. 
embryonic stem (ES) cells When studying 10 mutant pups without purpura 
and derives mutant mice. through cesarean delivery, they died within a 

matter of minutes. Blot analysis of RNA and 
protein from the homozygous embryos failed to 
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86 “Histological Evaluation Tricalcium 
of Human Intraosseous phosphate; 4 
Healing Responses to the patients, total of 
Placement of Tricalcium 8 periodontal 
Phosphate Ceramic sites 
Implants” 
By: S.S, Stahf and S. 
Froum 

Synopsis: This study 
describes periodontal 
healing responses of 8 
lesions to tricalcium 
phosphate implants, 
clinically and 
histologically. 

N/A 

show the presence of immunoreactive PDGFBR. 
-Hemolytic Defects in BR mutants: Among the 5 
mutants examined, all were significantly anemic 
Their blood cells had a significantly elevated 
number of nucleated erythrocytes. Mutants were 
also significantly thrombocytopenic, 
Hematological disorders and hemorrhages play a 
major role in their perinatal lethality. 
-Anatomical Defects In Mutant embryos: At day 
18, glomeruli of the embryos were filling up with 
blood cells. The glomeruli were present in 
normal numbers; thus, the defect probably lies in 
glomeruli maturation and not formation. There 
were few capillaries in the glomeruli as well. 

-Clinical Observations: Preoperative pocket depth 
at the eight sites varied from 7.1 to IO.2 mm 
while intraosseous depth varied from 3.0 to 5.6 
mm. Following treatment, the sites showed 
pocket depths varying from 2.8 to 4.6 mm. All 
sites showed evidence of gingival recession that 
varied from 0.8 mm to 4.5 mm, Clinical gain in 
closure varied from 2.0 mm to 3.1 mm. 
-Histological Observations: All sites showed 
similar responses; thus, the healing pattern was 
deemed a composite. When the block was 
removed, giagival recession apical to the 
marginal notch had occurred in all specimens. 
Closure was observed via a long junctional 
epithelium, as evidenced by cementogenesis and 
inserted fibers at the site. Cementogenesis was 
confined to small distances incisal to the adjacent 
crest and did not seem to relate spatially to the 
presence of the implant particles. Implant 
particles were seen in the vertical lesions and 
were surrounded by a connective tissue capsule. 
No significant inflammation was observed, and 
there was no osteogenesis surrounding the 
implant particles. The alveolar crest showed 

This study shows that tricalcium 
phosphate implants improve clinical 
closure, but the histological 
observations do not show that they 
improve new attachment or bone. The 
TCP particles acted as biocompatible 
fillers. [Thus TCP alone appears to 
require adjunction to enhance its 
biological effectiveness in bone and 
periodontal regeneration.] 



Reference No. Title, Author, and Test Article (No. Control (No. of Results Conclusions 
Synopsis of Patients) Patients) 

remodeling with limited osteogenesis and 
osteoclasis taking place at the crestal bony 
surfaces. In each site, the most apical deposition 
of root accretions was within the apical notch. 
Collagen fibers arose from the dentinal wall and 
evidence of dentin resorption was present. This 
suggests that variousrepair processes were 
occurring within the same site after debridement 
of a human intrabony lesion. These processes 
include epithelial adhesion of the exposed site, 
partial blockage of epithelial migration by 
exposure of dentinal collagen, or limited new 
attachment, These processes were seen 8 months 
postoperatively. 

87 “Histologic and Clinical 3 patients with a N/A -Clinical Observations: The preoperative pocket Treatment of advanced periodontal 
Responses to Porous total of 12 depth at the 12 sites ranged from 6.3 to 9.9 mm defects with surgical debridement and 
Hydroxylapatite Implants periodontal while the intraosseus depth ranged from 2.8 to grafting with porous hydroxylapatite 
in Human Periodontal lesions 10.7 mm. When the blocks were removed, the results in reduction in pocket dep‘th 
Defects” sites showed pocket depth ranging from 3.0 to 5.0 consisting of bone recession and gain 
By: S.S. Stahl and S.J. mm. Gingival recession was present at all the in clinical attachment, Histologically, 
Froum sites, ranging from 8 to 2.3 mm. Clinical gain in the graft was well tolerated and new 

closure ranged from 2.0 to 4.2 mm. Mobility bone was observed within the implant 
Synopsis: This article pattern did not change 3 months after pores and periphery. However, there’ 
describes clinical and implantation, but was less at the 6 and 12 month was a long junctional epithelium and 
histologic responses to intervals. no new attachment. [This study 
porous hydroxylapatite -Histologic Observations: The 3 month blocks suggests that tijunction of synthetic 
implants in human showed closure by long junctional epithelial porous b one substitutes may be 
periodontal defects over a adhesion. Inflammation was seen within the required to provide an optimum 
1 -year observation period. marginal gingival region. At the implant sites, environment for periodontal 

the implant particles were surrounded by cellular regeneration./ 
connective tissue, There was no inflammatory 
infiltrate present in these areas. Bone formation 
was seen within the implant and at its periphery. 
Osteogenesis within and at the periphery of the 
particles was limited at this time. Crestal 
remodeling was present in all sections. The 6 
month specimens showed similar responses to the 
3 month specimens. After 1 year, the specimen 
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showed closure by the epithelial adhesion, this 
time lining the apical notch. Adjacent to the 
notch, ossification of graft particles was evident. 
There was loose connective tissue with minimal 
inflammatory infiltrate between the notch and 
ossifying graft particles. Cellular repair 
cementum was seen at the level of the crest and 
slightly in&al at a site of previous root 
resorption. The root resorption/repair in this 
specimen coupled with the active root resorption 
seen in the 3 month specimen focuses on this 
resorptive process as a possible component of the 
repair/regeneration phenomenon observed in 
these sites. 

88 “Porous Tricalcium P-TCP; 1) 60 1) 18 sheep 1) Instrumented anterior interbody spinal fusion: The results of this study showed 
Phosphate and female Dorset with an empty No anterior implant migration was seen. Large that p -TCP is a good osteoconductor 
Transforming Growth sheep cage anterior bone bridges were seen at the ant that use of pre-filled titanium cages 
Factor Used for Anterior 2) 9 male 2) 3 with instrumented IeveIs, especially in the 16 week 
Spine Surgery” 

with porous TCP can improve the 
baboons unplugged and more notably in the 32 week survival groups. fusion outcome in anterior spinal 

By: T. Steffen, T. Stall, T. defect The average Ranges Of Motion (ROM) fusion procedures. Additionally, p- 
Arvinte, and R.K. Schenk significantly decreased for each consecutive TCP performed well as a carrier for the 

survival interval. No significant differences were growth factor tested, with the 
Synopsis: This report seen between treatment groups, except at 8 weeks combination of the osteoconductor (p- 
examines the results of when the group with autologous bone had a TCP) and growth factor leading to 
two animal studies in significantly smaller ROM than the sham and p- enhanced bone formation and faster 
which P-TCP bone TCP groups. A higher histology grading remodeling of the graft material. 
substitutes were used for indicated better fusion. At 8 weeks, grades for 
anterior spinal surgery in the autologous group were better than the sham 
sheep and baboons. and P-TCP groups, but at 6 weeks the P-TCP 

groups were almost as good as the autologous 
group, Between 16 and 32 weeks, the sham and 
autologous groups improved, but the P-TCP 
group remained unchanged. At 32 weeks, the 
autologous groups showed the best results. Also, 
the cages with P-TCP had significant filling 
defects, but wherever granules were remaining, 
bone ingrowth into the ceramic material was 
regularly seen. More than half the specimens had 



Reference No. Title, Author, and Test Article (No. Control (No. of Results Conclusions 
Synopsis of Patients) Patients) 

a fibrocartilaginous layer running horizontally 
through a large portion of the cage’s inner 
portion, most likely an indication of micromotion 
associated with the cage implant. This was seen 
in all 3 treatment groups, but mostly at 16 and 32 
weeks in the P-TCP and autologous groups, This 
lack of segmental stability of stand-alone anterior 
lumb are interbody fusion compared to 
circumferential fusion can be reproduced in 
human cadaveric studies and is supported by 
clinical outcomes, which are unfavorable for 
stand-alone anterior interbody fusion. Use of 
ceramic pre-filled titanium cages showed better 
histological f&ion than the ones filled with 
granular material at the time of surgery. The 
filling defects noted above and the fibro- 
cartilagenous tissue layers running through the 
cage were avoided with use of the pre-filled 

vertebral bodies showed a fracture or had a 
radiologically documented height loss. The sham 
group regularly showed minimal bone growth 
into the defect starting from its posterior wall. 
Most of the defect was still filled with soft tissue. 
The p-TCP plugs seemed well integrated at 3 and 
6 months. Throughout the 6 month period, 
however, the ceramic plug was clearly visible. At 
3 months, CT scans of the ceramic plugs with 
TGF-B indicated a prominent peripheral 
resorption within the original graft boundaries. 
At 6 months this resorption zone was filled with 
dense bone The baboons treated with TGF-B 
plugs showed massive subperiostal new bone 
formation along the anterior aspect 
vertebral body, but no formation in 



Reference No, Title, Author, and 
Synopsis 

89 “Posterolateral and 
Anterior Interbody Spinal 
Fusion Models in the 
Sheep” 
By: T. Steffen, D. 
Marchesi, and M. Aebi 

Autograft, 
nonresorbable 
hydroxyapatite 
(HA) and 
resorbable HA; 
52 Female 
Dorset sheep 

Synopsis: This study 
describes posterolateral 
and anterior interbody 
fusion models in sheep, 
Both models used 
instrumented fusions, 
applying porous mineral 
scaffolds alone or mixed 
with bone, 

Test Article (No. Control (No. of Results 
of Patients) Patients) 

replaced with remodeled cancellous bone. 
Sham surgery 
group used 

-Surgery: No intraoperative or postoperative 
complications occurred when the posterolateral 
fusion model was used. 
Coralline Graft Substitutes: Nonresorbable 
coralline graft substitutes used alone or mixed 
with autologous bone were inferior to autologous 
bone alone in stabilizing a motion segment. 
Coralline substitutes were more effective than the 
sham group. Radiologic assessment was not 
useful in predicting the fusion outcome. 
Histologic assessment revealed cores of woven 
bone, often encompassed by lamellar bone, in 
contact with the coral surfaces, No infhumnatory 
signs were observed, suggesting biocompatibility 
of the coralline ceramic materials. The coral 
surfaces showed no signs of resorption. The 
resorbable coralline graft material progressively 
degraded over 36 weeks. At 20 weeks, all but 
one segmental level had solid fusion with new 
bone cortex formation. 

There were no significant differences between 
the 50/50 volume mixture of Pro Osteon 500 R 
with autologous bone and autologous bone alone 
at 20 or 36 weeks. Neutral zones were fewer for 
the resorbable graft material at 20 weeks 
compared to 12 weeks, The porous resorbable 
ceramic material had a 90% average surface 
coverage at 20 weeks and nearly complete 
coverage at 36 weeks. The nonresorbable 
material had only 34% coverage at 20 weeks. 

90 “Platelet-derived growth Anorganic Anorganic Osteoblastic cells cultured on PDGF-BB-treated 
factor enhancement of a bovine bone bovine bone matrix showed significantly greater proliferation 
mineral-collagen bone matrix incubated matrix compared with cells grown on matrix incubated 
substitute” with radiolabeled incubated with with water or bone mineral w/o collagen (both 

PDGF-BB water PCO.05). 
i By: E.B. Stephan, R. 

L 
The results of this study indicate 

that resorbable porous mineral bone 
substitutes mixed with locally 
harvested autologous bone had fusion 
outcomes similar to pure autologous 
bone and may therefore alleviate the 
need for extensive autologous bone 
harvesting. Nomesorbable HA did not 
perform as well. The study results 
demonstrate that the porous resorbable 
material with a lower hydroxyapatite 
content results in better bone fill by 
undergoing substitution with host 
bone. 

This in vitro study showed that PDGF- 
BB is rapidly adsorbed then slowly 
released from anorganic bovine bone- 
collagen matrix. PDGF-BB adsorbed 
to this material is able to stimulate 
proliferation of attached osteoblastic 



Reference No, Title, Author, and Test Article (No. Control (No. of Results Conclusions 
Synopsis of Patients) Patients) 

Renjen, S.E. Lynch, and To measure Osteoblastic cells attached to the matrix more cells. These data suggest that it may be 
R. Dziak proliferation/atta rapidly than to the bone mineral w/o collagen. clinically feasible to adsorb PDGF-BB 

chment, neonatal There was no significant difference in cell to bone-collagen matrix and ,this 
December 2000 J rat osteoblastic attachment to the PDGF-BB-treated versus water- combination has the potential for 
Periodontoi cells were treated matrix. clinical applications, 

Synopses: This in vitro PDGF-BB adsorbed to the matrix in a rapid (~1 
study examines the minute), concentration-dependent fashion. The 
interaction of anorganic difference in the amount of PDGF-BB absorbed 
bovine bone-collagen to the matrix at each concentration was 
matrix (“matrix”) with significant (PcO.05) except between the 2.8 and 
platelet-derived growth 5.5 x IO6 M concentrations. The absorption curve 

reached a plateau at the 2.8 x lo6 M 
concentration. PDGF-BB was slowly released 

determines if the from the matrix, with approximately 30% 
adsorption of PDGF-BB liberated over 10 days. 
to the matrix stimulates 
proliferation of neonatal 
rat (Sprague-Dawley) 
osteoblastic cells. 

expression of osteoblast- indicated that BP, PDGF, and IGF 
significantly enhanced (P<O.Ol) MC3T3-El cell influence cell activity differently. Both 
numbers; IGF produced no significant effect at 

By: CL. Strayhom, J.S. any dose; BP 10 and 20 pg/rnL significantly 
Garrett, R.L. Dunn, J,J, decreased (P10.01) cell proliferation; and 
Benedict, and M.J. PDGF/IGF significantly increased (P10.01) cell whereas PDGF promoted proliferation 

numbers, but this effect was not greater than for in MC3T3-El cells and blocked 
cells exposed to PDGF alone, differentiation of osteoblasts as 

November 1999 J measured by decreased expression of 

and osteocalcin (OCN), a calcium binding 



Reference No, Title, Author, and Test Article (No. Control (No. of Results Conclusions 
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effects of a low molecular 
extract of bovine bone 
protein (BP) containing 
bone morphogenetic 
proteins (3MPs) 2,3,4, 
$7, 12, and 13, alone, or 
in combination with 
platelet-derived growth 
factor (PDGF) and/or 
insulin-like growth factor 
(IGF) on osteoblast 
differentiation of MC3T3- 
El cells (mouse 
osteoprogenitor cell line), 

expression, 
MC3T3-E 1 cells 
were exposed to 
PDGF (10 
ng/mL), IGF (10 
ng/mL), or BP 
(10 PglmL), or a 
combination of 
these factors. 

92 “Comparison of Tricalcium 
Trical&um Phosphate and 
Frozen Allogenic Bone 
Implants in Man” 
By: J.R. Strub, T.W. 
Gaberthtiel, and A.R. 
Firestone 

Synopsis: This study 

phosphate and 
allergenic bone, 
8 patients, with 
47 periodontal 
pockets- 29 
treated with TCP 
and 18 with 
allogenic bone 

protein, while BP and IGF promoted gene 
expression of bone sialoprotein (BSP)? a 
giycoprotein selective to mineralized tissue, and 
OPN, a regulator of crystal growth and promoter 
of cell migration and attachment at sites of bone 
formation and/or resorption, The combination of 
BP and IGF enhanced expression of OPN beyond 
that of either BP or IGF alone. PDGF was able to 
block the effects of IGF on gene expression, but 
not those of BP. 

In pulse experiments, no differences in gene 
expression were noted between exposures of 
MC3T3-El ceils to IGF/BP for 8 days compared 
with adding BP on Day 6. Similarly, exposing 
cells to PDGF/BP for 8 days gave comparable 
results to adding BP on Day 6. PDGF’s inhibitory 
effect on OPN expression was noted in 
PDCF/IGF/BP-treated cells even after addition of 
BP on Day 6. 

BP and IGF did not affect the expression of Osf2, 
an osteoblast-specific transcription factor and 
regulator of osteoblast differentiation, while 
PDGF inhibited Osf2 expression when compared 
with vehicle control. 

N/A The average reduction of clinical pocket depth of 
tricalciumphosphate filled pock& was 1.8‘m.m 
and 38% of the pockets remained deeper than 3 
mm. When comparing the pre and post surgical 
X-ray films with pins in place, the bottoms of the 
bony pockets were displaced about 1.05 mm 
coronally. The average amount of bone 
apposition was 1.2 mm, 
The average reduction of clinical depth o f 
allogenic bone filled pockets was 2.0 mm and 
22% of the pockets remained deeper than 3 mm. 
X-ray film comparisons indicated the bottom of 

dependent and orchestrated manner can 
enhance cell proliferation and 
differentiation. 

Both TCP and allergenic bone were 
biocompatible, No significant 
differences between the groups were 
reported although allogenic bone 
implants seemed to lead a slightly 
greater bone apposition and reduction 
in pocket depth than TCP alone, TCP 
was much simpler to store and handle. 
{Thus, TCP may require supplemental 
biological materials to enhance its 
beneficial effect.] 
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Synopsis 

pockets in man. 
1 “Effect of IGF-I and 

PDGF administered in 
vivo on the expression of 
osteoblast-reiated genes in 
old rats” 

By: H. Tanaka, A. 
Wakisaka, H. Ogasa, S. 
Kawai, and CT, Liang 

2002 J Endocrinology 

Synopses: This in vivo 
study tests the hypothesis 
that individual and 
combined effects of 
insulin-like growth factor- 
I (IGF-I) an&or platelet- 
derived growth factor 
(PDGF) can restore age- 
related impairment in 

+ bone formation activity in 
a rat bone marrow 
ablation model. 

~ Test Article (No. Control (No. of Results 
of Patients) Patients) 

the bony pockets to be displaced about 0.9 mm 
coronally. The average amount of bone 
apposition was 1.5 mm. No foreign body 
reactions or other complications were, 

Direct inmsion 
of PDGF and/or 
IGF-I into right 
femoral cavity 
for 5 days 
following 
marrow ablation 
of adult_(6- 
months) and old 
(24-months) 
male Wister rats. 

I Left femoral 
encountered during the course of the experiment. 

1 At Day 6 after marrow ablation, ml?XA levels of 
~ cavity infused 

with vehicle 
only for 5 days 
following 
marrow 
ablation. 

osteoblast-related markers (collagenal- [COLI], 
alkaline phosphatase [API, osteopontin COP] and 
osteocalcin [OC]) were significantly lower (all 
P<O.OOOl) in old as compared with adult rats. 

Infusion of PDGF 25 and 50 rig/day significantly 
stimulated (P<O.O5) the expression of OP mRNA 
in both old (33% and 30%) and adult rats, 
whereas COLI, AP and OC mR.NA expression 
were not significantly affected. IGF-I infusion did 
not have a significant effect on mRNA expression 
of any osteoblasts-related marker in adult rats. In 
contrast, treatment with IGF-I significantly 
enhanced (PcO.05) the mRNA levels of COLI, 
AP and OP in old rats. 

In adult rats, combined treatment with PDGF and 
IGF-I caused a significant increase (P<O.O5) in 
OP gene expression but no significant change in 
AI’, OC or COLI genes. Although neither IGF-I 
nor PDGF alone was effective in stimulating the 
expression of OC, the combined treatment in old 
rats enhanced OC expression significantly 
(P<O.OS). Since OC is known to be produced by 
mature osteoblasts and to regulate the 
calcification of bone tissue, it is possible that 
PDGF plus IGF-I may stimulate maturation and 
mineralization in bone formation, The expression 
of COLI, AP and OP genes in old rats was also 
significantly stimulated (P<O.O5) by PDGF plus 
IGF-I, but the stimulation was no different from 
IGF-I alone. 

4 
The results of this in viva study 
showed that PDGF and, to a greater 
extent, IGF-I may partially restore the 
deficit in the expression of osteoblast 
markers in old bones, and that the 
combination of both factors is better 
than IGF-I alone in stimulating OC 
expression. 
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94 Toback GA, Brunsvold The article is provided in Appendix 10.2.2. 
MA, Nummikoski PV, 
Masters LB, Mellonig JT, 
Co&ran DL, The 
Accuracy of Radiographic 
Methods in Assessing the 
Outcome of Periodontal 
Regenerative Therapy, 
JolmaIof 
Periodontology, 1999; 
70:669. 

$5 “Distribution of fibroblast l- to 2 1 -day-old Positive Staining of FGFR-1 monoclonal antibody was Observations show that the 
growth factors (FGFR- I Long- controls for detected in the proliferative and upper proportional depth of the cell layer 
and -3) and platelet- EvanslTurlcu rats FGFR- 1, -3 and hypertrophic cell layers of the mandibular labeled for FGFR- 1,03 and PDGFR in 
derived growth factors (total 24 animals, PDGFR were condyle of l- to IO- day oid rats, in the the mandibular condylar cartilage of 
receptors (PDGFR) in the 3 in each age tested in proliferative and hypertophic cell layers and in rats increases significantly as a 
rat mandibular condyle group) were prostate the subchondral bone of the mandibular condyle function of age and thus these factors 
during growth killed and their carcinoma of 14- to 21-day old rats, have an important role in the growth 

condylar area tissue by regulation of the mandibular condyly 
By: V Visnapuu, T. excised and manufacturers FGFR3 polyclonal antibody staining was cartilage during the most rapid post- 
Peltomaki, 0 Ronning, T. FGFR-1, FGFR- observed in the proliferative cell layer of the natal growth period in the rat. 
Vahlberg, H. Helenius 3 monoclona1 Negative mandibular condyle of I- to IO-day-old rats and 

and PDGFR controls in the proliferative and upper hypertrophic cell 
August 2002 Orthod polyclonal samples did not layers of 14- to 21-day old rats. 
Craniofaciat Res antibodies were contain primary 

applied. antibodies. PDGF polyclonal antibody staining was detected 
Synopses: The aims are in the lower part of the proliferative cell layer of 
to elucidate the role of the the mandibular condyle of I- to lo-day-old rats 
fibroblast growth factors whereas it was only found in the hypertrophic cell 
I and 3 (FGFR- l ,-3) and layers of 14” to 21-day old rats, 
the platelet derived 
growth factor (PDGFR) in Regression analysis revealed a significant age- 
the growth of the related increase in the proportional depth of the 
mandibular condyle cell layer labeled for FGF-1, -3 and PDGFRs in 
cartilage in the rat. ever sagittal region of the condylar head 

(P<O,OO 1) 

Coefficient determinations (R2) ranged from 0.44 
to 0.85 and showed that there is a strong 
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I 

96 “A Pilot Study of the 
Value of Ceramics for 
Bone Replacement” 
By: H. Waisbrod and 
H.U. Gerbershagen 

Synopsis: Thi’s study 
investigates th9 ability of 
hydroxyapatite (HA) and 
(tricalcium phosphate (fi- 
.TCP) used in combination 
with autogenous bone 
graft to facilitate bone 
ingrowth, leading to graft 
incorporation and 
successful union of the 
graft and host bone . 

P-TCP; 8 
patients 
undergoing 
arthrodesis of the 
sacroiliac joints 
65) or 
posterolateral 
lumbar spine 
fusion (2) 

97 
f I 

1 “The Effect of Platelet- 1 6 adult mongrel 
Derived Growth Factor on 
the Cellular Response of 
the Periodontium: An 
Autoradiographic Study 
on Dogs” 
By: H.L. Wang, T.D. 
Pappert, W.A. Castelli, 
D.J. Chiego Jr., Y. Shyr, 
and B.A. Smith 

dogs, with 16 
treatment sites 
per dog 

3-HA implants 
5TCP implants 

The HA and 
TCP materials 
were of the 
same volume 
and pore size 

of 4 treatments) 
were used for 
each of 3 
treatment 
periods; a total 
of 24 controls 
sites were used 

Synopsis: This 
investigation evaluated 

month follow ups, the HA ceramic plates were 
clearly discernible from the bone: No union was implant material and does not promote 
observed between the bony surfaces, the HA 
ceramic and bone, or the HA ceramic implants 
themselves. The density of the foreign blocks did 
not change. No signs of degradation or 
resorption were noted. 

In 4 of the 5 patients with TCP implants, bony 
union was achieved. There was clear continuity 
between the ceramic implant and cancellous 
bone. In 2 patients, union between the implants 
was observed, with the disappearance of ceramic 
boundaries. In the 4 patients with bony union, 
resorption was also evident since the blocks lost 
their original configuration. One case that did not 
unite involved technical problems as the ceramic 
was found to be implanted too proximal to and. 
too distant from the cancellous bone surface. 

, 
-Total Labeled Non-Inflammatory Cells: There This stody demonstrated that 
was an increase in mean labeled cells overall at PDGF-BB stimulates the proliferation 
day 7 compared to days I or 3. When all time of periodontal ligament fibroblasts, 
periods and non-inflammatory cell types were cementoblasts and osteoblasts and, 
totaled both PDGF and ePTFE + PDGF showed when used in combination with a 
increased cellular proliferation when compared ePTFE membrane also perivascular 
with either the control or ePTFE treatments. and endothelial cells, ePTFE 
-Total Labeled Cells (Including Inflammatory membranes by themselves had no 
Cells): The inclusion of inflammatory cells effect on cell proliferation. There were 
obscured the trends at earlier time periods fewer inflammatory cells in sit’es 
because of the predominance of inflammatory treated with PDGF-BB, Thus, the 
cells in most slide sections. As the mean number biological rationale for the use of 
of inflammatory cells decreased fkom day 1 to 7, rhPDGF-BB was established in viva, 



Reference No. Title, Author, and ~ Test Article (No, 
Synopsis of Patients) 

the effect of platelet- 
derived growth factor 
(PDGF-BB) on the 
pattern of proliferation 
and migration of ceils 
residing within the 
periodontium, including 
periodontal ligament and 
bone cells, cementoblasts, 
perivascular cells and 
endothelial cells with and 
without guided tissue 
barrier membranes. 

Control (No. of 
Patients) 

Results 

the trend of increased labeled cells for the PDGF 
groups was more evident. At day 7, the PDGF 
and ePTFE t PDGF treatments had more active 
cells than C or ePTFE groups. When considering 
the pattern of cellular labeling when the 5 
inflammatory cells (frbroblasts, cementoblasts, 
osteoblasts, perivascular, and endothelial cells) 
were viewed by time, treatment, and area, there 
was a trend for more labeling for the PDGF and 
the ePTFE + PDGF groups. At day 7, both 
PDGF and ePTFE -I- PDGF treatments showed 
significantly increased labeling in comparison 
with C, while the PDGF group had more cellular 
labeling than ePTFE. 
-Total Labeled Cells by Time, Area, and 
Treatment: For C treatments, cells significantly 
decreased from day 1 to 7 for all three areas and 
were found mostly in the middle region. The 
ePTFE treatment cells were highest in the middle 
regions for all times, though not significantly. 
The PDGF treatment cells were more pronounced’ 
for the middle area but most activity was noted at 
day 7 compared to day 1 and 3. The PDGF 
treatment showed proliferation of the PDL 
fibroblasts into the defect with cellular labeling. 
The ePTFE + PDGF treatment cells showed a 
similar pattern of activity to the PDGF treatment 
group. 
-Labeled cells for ali times and treatments by cell 
type: The general trend was moderate cellular 
activity at day 1, decreasing at day 3, and a 
dramatic increase at day 7. At day 1, significant 
differences existed between the PDGF and 
ePTFE groups, and between the ePTFE + PDGF 
and both the ePTFE and C groups. No significant 
differences were noted at day 3. By day 7, 
labeling in the PDGF group was much greater 
than either the C or ePTFE group. The e PTFE + 
PDGF treatment was slightly more effective at 

Conclusions 

i.e., stimulation of cells responsible for 
bone and periodontal, regeneration, 
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98 “Stiffness of Subchondral 
Bone Defects of the Tibia1 
Plateau Supplemented 
with Autograft or 
Tricalcium Phosphate in a 
Caprine Model” 
By: D.L, Wheeler, P. 
Gallogly, E. Eschbach, B. 
Conrad, D. Lewis, and 
A.R. Cross 

Synopsis: This study 
evaluated the structural 
competency of TCP or 
autograft used to 
supplement a massive 
subchondral bone defect 
in a caprine model and 
compared these groups to 

B-TCP; 16 adult 
goats 

Control (No. of 
Patients) 

Results 

enhancing cellular activity at day 7 than the C 
treatment. For cementoblasts, labeling was least 
at day 3 and greatest at day 7 for all but the C 
group. For the osteoblasts, labeling was greatest 
for the PDGF group at day 7, which was 
significantly better, compared to the C group* 
For the perivascular cells, day 7 showed the 
highest degree of cell activity for all but the C 
group. Both PDGF treatment groups were 
significantly greater than the C group at day 7. 
For the endothelial cells, the trend of highest 
activity for PDGF and ePTFE + PDGF groups at 
day 7 held. At day 7, statistical differences 
existed between the ePTFE + PDGF and C 
groups, with the PDGF + ePTFE group having 
the greatest proliferation of endothelial cells, 
suggesting that PDGF may increase angiogenesis, 
an important requisite for healing and 
osteogenesis. 

autograft Gross examination of the harvested experimental 
tibiae showed 6 out of 7 in the AUTO group and 
0 out of 8 in the TCP group had degenerative 
changes. One goat in the AUTO group died 
prematurely. Two of the 7 goats in the AUTO 
group had a large-scale collapse of the caudal 
tibia1 plateau. Two specimens in the Central 
Position for the AUTO group had stiffness values 
of zero. CTL specimens had significantly higher 
values for stiffness than the experimental 
specimens for both ‘4UTO and TCP. The 
average stiffness for the TCP group was higher 
than for the AUTO group, but the difference was 
not statistically significant. 

Conclusions 

The results of this study indicate 
that TCP and autograft produce 
equivalent stiffness of regenerated 
bone. Tibiae implanted with the TCP 
did not develop degenerative joint 
disease or plateau collapse, as occurred 
in the autograft group. Thus, TCP may 
be a useful alternative to autograft in 
the repair of tibia1 plateau fractures. 
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the contralateral tibiae 
(CTL). 

99 “Effect of Serum and Increasing the serum concentration resulted in a In this study, the amounts of serum and 
Platelet-Derived Growth significant increase in cell proliferation PDGF were found to have no effect on 
Factor on Chondrocytes cell viability, The increase in the 
Grown in Collagen Gels” amount of serum or PDGF in gels 

Chondrocyte proliferation also increased with caused a significant increase ,in the rate 
By: L. Weiser, M. increasing PDGF concentration (p<O.OOl of chondrocyte proliferation. 
Bhargava, E. Attia, P.A. between all groups), 

Cells in gels containing 1% serum and 1 Ong/ml of 
November 1999 Tissue PDGF proliferated at approximately four times 

the rate of the control gels. Gels with lOOng/ml 
of PDGF proliferated at 11 times the rate of 

Synopses: In this in vitro 
study, cell proliferation, 
viability and morphology; concentrations of There is no significant effect of PDGF 
proteoglycan synthesis; PDGF-BB and concentration on PG content per gel within any 
and gel contraction were time interval. @-OS) 
assessed over a 15-day 
period (days 3, 6,9, 12, 
15) for mature bovine 

fetal osteoblasts 
were cultured in quiescent cells into the proliferation 

portion of cell cycle. PDGF-AA is a 
By: D. Yang, J, Chen, 2. At 24 hours, the percentage of osteoblasts in self-imposed cytokine in human fetal 

August 2000 Cytokine proliferation index (PI) (S% -t Gz-M%) also 
increased after PDGF-AA treatment reflectin 



factor AA isoform 
(PDGF-AA) affects The expression of PDGF-AA mRNA was 
human fetal osteoblast upregulated by PDGF-AA, PDGF-BB, 
proliferation and cell transforming growth factor beta (TGF-P), and 

basic fibroblast growth factor (bFGF). Since the 
PDGF-AA and other synthesis of protein depends on mRNA level, 
growth factors affect bovine serum PDGF-AA enhances the PDGF-AA-osteoblasts 
secretion of PDGF-AA. [FBS] for cell autocrine loop. The upregulation of PDGF-AA by 

proliferation other cytokines supports the hypothesis that many 
only). factors form a network to modulate the growth of 

bone, I 

101 “Platelet-derived growth Adult human Harvested PDGFR beta (PDGFR-/3) was detected on Results from this in vitro study showed 
factor (PDGF)-BB osteoclastic ceils human osteoclast membranes through that PDGF-BB promotes adult 
stimulates osteoclastic harvested from osteoclastic immunohistochemistry and irmnunomicroscopy. osteoclastic bone resorption directly 
bone resorption directly: human iliac cells on human through PDGFR-P. Because PDCF-BB 
the role of receptor beta” spongy bone dense cortical Exposure to PDGF-BB 20 to 40 ng/mL caused a is a potent mitogen that promotes cell 

were cultured bone slices in significant dose-dependent increase (PsO.05) in proiiferation and differentiation, the 
By: Z. Zhang, J, Chen, with PDGF-BB, medium the volume and number of resorption pits on increase in resorption pits may reflect, 
and D. Jin isolated, and without PDGF- dense cortical bone slices. in part, PDGF-BB-induced fusion of 

placed on human BB 
October 1998 

mononuclear cells into osteoclasts and 
dense cortical Following exposure to PDGF-BB 40 ng/mL, 

Biochemical and 
promotion of osteodlast attachment to 

bone slices in there was a significant increase in the activity of bone. 
Biophysical Research PDGF-BB- both tartrate-resistant acid phosphatase (TRAP) 
Comm containing (P=O.OOX), which is a sensitive and specific These fmdings suggest that PDGF-BB 

medium (10 to marker for bone turnover, and total acid and PDGFR-P play important roles in 
Synopses: This in vitro 40 ng/mL). phosphatase (ACP) (P=O.O14). the bone healing procesb.and 
study analyzes platelet- reconstruction. 
derived growth factor 
receptors (PDGFR) on 
adult human osteoclasts 
and examines the effect of 
PDGF BB isoform 
(PDGF-BB) on 
osteoclastic bone 
resorption activity, 

/ 


